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HYDROLOGY OF THE LONG BEACH-SANTA ANA AREA,
CALIFORNIA, WITH SPECIAL REFERENCE TO THE
WATERTIGHTNESS OF THE NEWPORT-INGLEWOOD
STRUCTURAL ZONE

By J. F. Poranp

ABSTRACT

This is the last of three reports describing ground-water features in the
Long Beach-Santa Ana area and examines the hydrology with special refer-
ence to the watertightness of the Newport-Inglewood structural zone. The
first section of this report presents results from an inventory of withdrawal
of ground water in the Long Beach-Santa Ana area from 1932 through 1941
and in part through 1944—specifically, it describes the methods used in evalu-
ating withdrawal, presents the yearly withdrawal by each city with a municipal
water-supply system, and summarizes the estimated yearly withdrawal in each
county by cities with municipally-owned systems and by private agencies for
industrial, agricultural, and domestic uses. The area of inventory embraces
all the coastal plain east of Vermont Avenue, including the relatively small
La Habra basin. The next section of this report describes the principal water-
bearing zones from which the ground water is withdrawn.

Mendenhall in 1903-4 made the only comprehensive previous estimate of
ground-water withdrawal within the area, at which time about 160,000 acre-
feet a year was used from flowing and pumped wells. Other estimates by
several different agencies, made in the late twenties and in the thirties, are
summarized in this report. However, each of these covered only a part of the
subject area and was concerned more with over-all use than with ground-
water draft.

In the evaluation of ground-water withdrawal, records were collected directly
from the nine cities in Los Angeles County and the nine cities in Orange
County that operate municipal water systems; these records are tabulated by
years through 1944. Withdrawal by industrial plants was estimated through
a brief but reasonably comprehensive field canvass, that embraced about 80
percent of such withdrawal in Los Angeles County and 90 percent in Orange
County. Withdrawal for irrigation, which comprises about half the total in
Los Angeles County and more than 80 percent of the total in Orange County,
was evaluated by deriving yearly mean energy factors (energy expended in
raising a unit quantity of water) and applying these factors to the quantity of
electrical energy expended in pumping from wells. Adjustments were made
for an estimated 10 percent of irrigation water raised by nonelectric pumps.

From 1932 through 1941 the yearly withdrawal of ground water from the
part of the area in Los Angeles County ranged from 164,000 to 197,000 acre-
feet and the average was about 182,000 acre-feet; from the part of the area in
Orange County the yearly withdrawal ranged from 114,000 to 181,000 and the
average was about 142,000 acre-feet. For the entire area the average was
about 324,000 acre-feet a year. % .

‘ il 1



2 HYDROLOGY, LONG BEACH—SANTA ANA AREA

Within the Long Beach-Santa Ana area, the aquifers that yield ground
water are tapped by 6,000 to 8,000 active or potentially active water wells of
substantial capacity. Their depths range from 6 to 1,755 feet. In the coastal
zone 32 percent of the wells range from 100 to 199 feet deep and only 3 per-
cent (50 wells) are more than 1,000 feet deep. The wells of largest capacity
commonly tap one or more of a few principal water-bearing zones. In Los
Angeles County the wells of largest capacity occur (1) in and near Whittier
Narrows, where many of the wells yield more than 1,000 gpm (gallons per
winute) and a few yield more than 3,000 gpm; and (2) in the Long Beach
district, where almost all the deeper wells yield more than 1,000 gpm and two
wells yielded 4,000 gpm or more on initial test. Most of the productive wells
in the Long Beach district tap the Silverado water-bearing zone of Pleistocene
age. In Orange County the wells of largest capacity occur (1) in and near
Santa Ana Canyon, where most wells yield more than 1,000 gpm and a very
few yield more than 3,000 gpm; and (2) locally on and near the north end of
Newport Mesa, where several of the deeper wells yield more than 2,000 gpm.
In the remainder of the project area, yields commonly range from 300 to 1,000
gpm.

With respect to principal water-bearing zones, this report summarizes their
depth below land surface and thickness from place to place, the districts where
each is tapped by wells, their relative water-yielding capacities, their esti-
mated over-all yield, and the uses to which the water is put.

The two principal aquifers in the alluvial deposits of Recent age are the
Gaspur and Talbert water-bearing zones, The Gaspur zone extends inland 21
miles from Terminal Island to the Whittier Narrows, ranges in width from
1 to 4 miles, and ranges in thickness from 40 to 80 feet; its top is from 50 to
100 feet below land surface. It is tapped by wells throughout its full reach
and the estimated withdrawal as of 1941 was about 25,000 acre-feet a year.
The Talbert zone extends inland 20 miles from the Pacific Ocean to the Santa
Ana Canyon, ranges in width from 1.2 to 6 miles, and ranges in thickness from
40 to 110 feet; its top is from 50 to 90 feet below land surface. It is tapped
by wells from the coast inland about to Anaheim; the estimated withdrawal as
of the early forties was between 25,000 and 30,000 acre-feet a year. The “80-
foot gravel” underlies Bolsa Gap, has an over-all extent of about 10 square
miles between Midway City and the coast, and yields an estimated 2,600 acre-
feet of water a year. This local aquifer is in hydraulic continuity with the
Talbert zone.

In the coastal zone of Los Angeles County the water-bearing deposits of
Pleistocene age include (1) minor zones at shallow depth, (2) the Silverado
water-bearing zone in the central and lower parts of the San Pedro formation,
and (3) the water-bearing zone in the basal Pleistocene deposits northeast of
Signal Hill.

Although the minor water-bearing zones are thin and discontinuous, they
are tapped by many water wells of small capacity, of which most yield lightly
to plunger pumps but a few yield several hundred gallons a minute to turbine
pumps.

The Silverado water-bearing zone of the Long Beach district is the most
extensive and productive single aquifer in the project area. It is tapped by
many wells of large capacity, chiefly for industrial and municipal supply. The
total withdrawal from the Silverado zone within the area has been from 30,000
to 35,000 acre-feet a year in the late thirties. In the war period from 1941 to
1945, industrial expansion in the vicinity of Long Beach and Wilmington in-
creased the yearly draft from the Silverado zone by about 9,000 acre-feet.
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The water-bearing zone in the basal Pleistocene deposits northeast of Signal
Hill ranges from 250 to 500 feet in thickness and, as tapped by 7 active wells,
its top is from 725 to 1,361 feet below land surface. During the early forties,
nearly half the yearly withdrawal by the city of Long Beach—that is, about
10,000 acre-feet—was from this zone.

In the inland area of Los Angeles County the deposits of Pleistocene age
range from 1,200 to 3,000 feet in thickness except along the south flank of the
inland hills where they thin to a featheredge. Water-bearing zones in these
deposits are tapped by wells to depths as great as 1,755 feet. Most of these
wells yield from 400 to 1,000 gpm. In 1941 the several zones supplied about
100,000 to 110,000 acre-feet of water.

In the coastal zone of Orange County the water-bearing deposits of Pleisto-
cene age include (1) dispersed zones between the San Gabriel River and Hunt-
ington Beach Mesa, (2) several zones beneath Huntington Beach Mesa, and
(3) a single principal zone beneath Newport Mesa.

The dispersed water-bearing zones between the San Gabriel River and Hunt-
ington Beach Mesa occur in a wedge of deposits which are 500 to 900 feet thick
along the Newport-Inglewood uplift and from 1,100 to 1,700 feet thick along
the inland edge of the coastal zone. These deposits are tapped by many wells
which in 1945 yielded about 10,000 acre-feet a year, largely for agricultural
use.

Beneath Huntington Beach Mesa the Pleistocene deposits contain three
water-bearing zones. The two upper zones are each about 50 feet thick and
have become contaminated by salt water. The lowest zone, which is about
250 feet thick, has been tapped by relatively few wells but presumably was
uncontaminated as of 1945 and presumably affords a large reserve source of
water.

The principal water-bearing zone of Newport Mesa underlies at least 16
square miles, is from 300 to 521 feet thick, and is tapped by more than a score
of wells. It dips northward beneath and beyond the mesa and its top is from
236 to as much as 1,065 feet below land surface. Individual wells yield more
than 2,000 gpm and the over-all draft was somewhat more than 3,000 acre-feet
a year in 1945.

In the inland area of Orange County the water-bearing zones of Pleistocene
age range from a featheredge to more than 3,000 feet in thickness. They are
tapped by several thousand wells which are from 160 to 1,300 feet deep, which
range in yield from a few hundred to 3,000 gpm, but for which the average
yield is about 600 to 800 gpm. As of the early forties about 80,000 to 100,000
acre-feet of water was withdrawn yearly from these deposits.

The distinct bodies of ground water of the area are (1) a body of semi-
perched water which occurs at shallow depth; (2) the principal body of fresh
ground water which occurs in the coarser basal deposits of the Recent allu-
vium, in about all the deposits of Pleistocene age, and in the upper division of
the Pico formation; and (3) a body of saline water which underlies the fresh-
water body throughout the area.

The semiperched body is unconfined and almost everywhere is separated
from the underlying fresh-water body by fairly impermeable layers of silt or
clay. It is replenished chiefly by rainfall and irrigation return water, and to a
minor extent by the streams. Beneath most of the Downey plain it is less
than 15 feet below land surface. Under initial conditions it was fed in part by
upward circulation from the underlying water body but from 1918 to 1945 the
pressure levels of the deeper zones have been drawn down below the water
table of the shallow body and it has become semiperched artificially.



4 HYDROLOGY, LONG BEACH-SANTA ANA AREA

In the several gaps, the depth to its top ranges from a few feet to 25 feet
and its annual fluctuation is from 1 to 4 feet. In most of the gaps it is not a
true semiperched water body at the present time because, except locally in
Dominguez and Santa Ana Gaps, its top is below the pressure surface of the
underlying confined water.

The semiperched body is of interest in this investigation because it is of
poor quality near the coast and is a potential source of contamination, by
movement either downward through wells or landward during long periods of
depressed water level. Because its level in 1945 was generally below that of
the underlying principal body in the several gaps, however, it cannot pass into
that body extensively at present.

The principal water body of the Long Beach—-Santa Ana area has been ex-
tensively utilized, beginning about in 1870 and reaching a maximum in 1936.
In the latter year, about 374,000 acre-feet of water was withdrawn from the
entire area. The decline in water levels which developed as a result of this
increase in use has crystallized the need for appraising the watertightness of
the structural zone and has furnished specific evidence that is of great aid in
such an appraisal.

Hydrographs, water-level contour maps, and profiles are introduced to show
the changes that have developed in response to that use and to variations in
rainfall.

The longest records of water-level fluctuation are for wells near Anaheim,
in the intake area of the Sana Ana River alluvial fan, and for the Bouton
wells, in the pressure area near Long Beach. Both show a decline of several
tens of feet from about 1895 ‘into the early 1900’s, a fluctuating but fairly
uniform level into 1917, and a second decline of about 70 feet into 1936. These
periods of decline were concurrent with periods of subnormal rainfall. During
the wet cycle from 1936 into 1944, water levels near Anaheim recovered about
17 feet but those at the Bouton wells continued to decline, contrary to the
general regional recovery in Los Angeles County.

In Los Angeles County, the fluctuations in water level are treated separately
for the Gaspur water-bearing zone of Recent age and for the deposits of
Pleistocene age. In general, changes in water level in the Gaspur zone and in
the Pleistocene deposits have been of the same order. In the Gaspur zone the
greatest changes have occurred in or near the intake area below Whittier
Narrows; in the Pleistocene deposits, however, lowering of several tens of feet
has developed in critical areas near the coast.

Because of local concentrated draft, markedly disparate levels have devel-
oped in two or more water-bearing zones northeast of Signal Hill, in the
Huntington Park area, and in the part of Dominguez Gap within the west
basin. The disparate levels developed northeast of Signal Hill have resulted
in substantial artificial recharge to the basal water-bearing zone of Pleistocene
age; in the latter two areas they have developed grave danger of saline con-
tamination from overlying zones of Recent age.

In Orange County the long-term change in water level is discussed sepa-
rately for the Talbert water-bearing zone of Recent age and for the deposits
of Pleistocene age. In general, changes in water level in the Talbert zone and
in the Pleistocene deposits have been of the same order. By 1928 most wells
had ceased to flow and in the autumn of 1936 water levels were below sea level
beneath about 155 square miles of the county. Recovery from 1936 to 1944
was sufficient to redevelop flowing wells locally proximate to the structural
zone.
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At the coastal end of Santa Ana Canyon near Olive, a ground-water barrier
apparently occurs in the deposits of Pleistocene age and partly restrains
movement to the intake area.

Owing to the anticipated recurrence of periods of low-water level such as
the one culminating in 1936, which depressed levels below sea level beneath
about 185 square miles within the main coastal basin in the two counties, the
watertightness of the structural zone is a critical issue. That watertightness
has been appraised largely by comparing hydrographs for wells on opposite
sides of the barrier features. Conclusions based on hydrologic data, supple-
mented by geologic and geochemical evidence, are as follows:

For the reach in Los Angeles County: In Dominguez Gap there is no barrier
to movement through the Gaspur water-bearing zone of Recent age. In the
underlying Silverado zone a substantial barrier has been developed but pre-
sumably it is not wholly watertight. Along the Signal Hill uplift the barrier
features form a reasonably effective barrier to water movement but evidence
suggests that they are not wholly watertight against differential heads of
several tens of feet. In Alamitos Gap, no barrier exists within the deposits
of Recent age which extend to about 90 feet below land surface. However,
the barrier across the underlying San Pedro formation is believed to be vir-
tually watertight.

For the reach in Orange County: The barrier within the Pleistocene deposits
beneath Landing Hill appears to have been watertight initially but in the late
thirties a leak developed under a differential head of not more than 15 feet,
presumably less than the initial differential head. In Sunset Gap no barrier
is believed to have been developed in the deposits of Recent age but presum-
ably they are not more than 20 feet thick and of low permeability. At least in
the central part of Sunset Gap, near Hog Island, the barrier in the underlying
Pleistocene deposits is almost watertight below a depth of about 145 feet but
between land surface and that depth sufficient leakage now occurs to sustain a
fresh-water lens coastward from the barrier features.

Beneath Bolsa Chica Mesa, the barrier features appear to be wholly water-
tight within the differential pressures imposed to 1945. In Bolsa Gap, there is
no barrier to movement of ground water in the deposits of Recent age which
contain the thin but permeable “80-foot gravel.” In the subjacent San Pedro
formation the barrier is inferred to be watertight within the range of historic
pressure differentials.

Beneath Huntington Beach Mesa the faults of the structural zone have
formed only a partial barrier to water movement. For the lower and main
water-bearing zone, however, direct ingress of ocean water seemingly is pre-
vented by a lithologic discontinuity.

In Santa Ana Gap the barrier faults do not transect the Talbert water-
bearing zone and so form no barrier to water movement in that zone.

Thus, for the full reach of the Newport-Inglewood structural zone from
Dominguez Gap to Newport Mesa, although the barrier features in the de-
posits of Pleistocene age are substantially watertight along most of that reach,
no barrier whatsoever has been developed in the deposits of Recent age floor-
ing the several gaps.

Under native conditions of ground-water circulation across the coastal plain
the hydraulic barrier to landward encroachment was absolute. With the in-
creasing development of the ground-water supplies, recurrent decline has
developed in two periods of subnormal rainfall and has lowered water level
about to sea level along the inland flank of the structural zone. Because the



6 HYDROLOGY, LONG BEACH—SANTA ANA AREA

barrier features of that zone are not watertight, substantial encroachment of
saline water can be anticipated during the next dry cycle unless protective
measures are taken.

Methods to protect the invaluable ground-water supplies must be two-fold
in nature. First, long-term basin-wide balance of draft and replenishment
must be attained or the saline encroachment cannot be restrained. Secondly,
even if that balance is achieved, in dry periods local control doubtless will be
necessary proximate to the barrier features. There appear to be only three
possibilities for such local control: (1) the maintenance of fresh-water head
above sea level inland from the saline front, either by regulated draft or by
artificial replenishment or both; (2) dewatering coastward from the saline
front; or (3) the construction of impervious subsurface dikes.

Conditions within the several critical reaches are discussed. Those in Santa
Ana Gap arethe most criical. In that gap, in paricular, and along the
structural zone in general, the maintenance of fresh-water head above sea level
appears to be the most feasible method and the construction of subsurface
dikes the least feasible.

INTRODUCTION
PURPOSE AND SCOPE OF REPORT

This third and final report of a comprehensive series discusses
ground-water features in the southern part of the coastal plain in
Los Angeles and Orange Counties, Calif., with special reference to
the effectiveness of the so-called coastal barrier—the Newport—
Inglewood structural zone—in restraining landward movement of
saline water. The investigation was begun in 1940 and was done
by the Geological Survey in cooperation with the Los Angeles
County Flood Control District, the Orange County Flood Control
District, the Orange County Water District, and the Board of
Water Commissioners of the city of Long Beach. Field investi-
gation was completed in 1945, and by 1946 all basic data and
interpretive findings from the investigation had been released to
the public in duplicated form. Except for two open-file reports
(Piper, Poland, and others, 1942 ; Piper, Poland, and others, 1943),
all basic data resulting from the comprehensive investigation have
been published in three interpretive reports (Water-Supply Pa-
pers 1109, 1136, and 1471).

The other two interpretive reports on ground-water features
of the Long Beach-Santa Ana area have been published separately
(Piper, Garrett, and others, 1953; Poland, Piper, and others,
1956). The report on ground-water geology (Poland, Piper, and
others, 1956, p. 4-5; fig. 2) describes the general objectives and
scope of the investigation; shows the extent of the Long Beach—
Santa Ana area in relation to the coastal plain and the south
coastal basin; and briefly describes the three regional bodies of
ground water which underlie this area and discusses replenish-
ment to and circulation in the principal body of fresh water (p.
107-118).
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The present report in its published form is a combination of
three reports issued separately in duplicated form at an earlier
date.r It presents results from an inventory of withdrawal of
ground water in the Long Beach-Santa Ana area from 1932
through 1944, and describes the principal sources from which
ground water is withdrawn, chiefly those in the coastal zone of
the Long Beach-Santa Ana area but in part those in the inland
zone of the area. The report describes the regional ground-water
conditions in the body of semiperched water and in the prinecipal
body of fresh water, insofar as they are pertinent to an under-
standing of the hydrologic evidence relating to the watertightness
of the Newport-Inglewood structural zone; that evidence is pre-
sented on pages 111-141. With respect to the principal body of
fresh water, evaluation of the fluctuations of ground-water head
brought about by the heavy withdrawal from 1920 to 1945 is a
prerequisite to discussion of the ultimate objective of this co-
operative investigation—that is, the outline of methods for so con-
serving or protecting the fresh-water supply as to prevent or
minimize further saline encroachment.

The preparation of this report was under the general direction
of 0. E. Meinzer, geologist in charge of the Division of Ground
Water, and under the supervision of A. M. Piper, district geologist,
to whom the author is grateful for a careful and constructive edi-
torial review. Substantial assistance has been given by A. A.
Garrett, Allen Sinnott, J. C. Fredericks, T. E. Eakin, A. S. Sollid,
W. C. Reimund, and Miss A. G. Husted of the Long Beach office.

The compilation of water-level data from other agencies was
accomplished largely during the first year of the investigation by
G. A. La Rocque, Jr., assisted by G. F. Worts, Jr., E. D. McCorm-
ick, and Harold MeClelland ; the measurements of water level have
been made principally by A. A. Garrett, Allen Sinnott, T. E. Eakin,
J. C. Fredericks, and L. C. Phelps, also by A. L. Detweiler, E. D.
McCormick, R. C. Newcomb, J. F. Poland, Henry Vaughan, and
G. F. Worts, Jr.

The field canvass of withdrawal was begun by A. L. Detweiler
late in 1941, but most of the canvass and the office compilation of
records was accomplished by Allen Sinnott, largely in the spring
and summer of 1942.

1Poland, J. F., and others, 1942, Descriptions of water wells in the coastal zone of the
Long Beach-Santa Ana area, Calif.: U. S. Geol. Survey duplicated report, 152 p. Poland,
J. F., Sinnott, Allen, and others, 1945, Withdrawals of ground water from the Long Beach-
Santa Ana area, Calif.: U. S. Geol. Survey duplicated report, 112 p. Poland, J. F., and
others, 1946, Hydrology of the Long Beach-Santa Ana area, Calif.: U. S. Geol. Survey
duplicated report, 198 p.
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WITHDRAWAL OF GROUND WATER, 1932-41
By Allen Sinnott and J. F. Poland

This inventory of withdrawal of ground water in the Long
Beach-Santa Ana area from 1932 through 1941 was undertaken
because no comprehensive estimate of the withdrawal of ground
water from the entire coastal plain or of the area included within
this project had been made since 1904 (Mendenhall, 1905a, 1905b,
1905c¢) ; also, as necessary background for examining the hydro-
logic features of the coastal zone in accord with the objectives of
the cooperative investigation. The inventory was not extended
into the yeaxs prior to 1932 because few records or estimates of
withdrawal were available for years preceding the middle or early
thirties.

The text on ground-water withdrawal briefly describes the
methods used in evaluating withdrawal; table 2 presents the
measured or estimated yearly withdrawal by each city in the
area which has a municipal water-supply system; and table 5
summarizes the estimated yearly withdrawal in each county ac-
cording to the following classes: (1) withdrawal by cities with
municipally-owned systems, (2) withdrawal for industrial use,
(3) withdrawal for agricultural use (including those by water
companies and by land companies if chiefly for irrigation), and
(4) withdrawal for domestic use—exclusive of that by munici-
pally-owned plants but including that by many water companies
whose service is primarily for domestic purposes.

Because the withdrawal for agricultural use was calculated
largely from records of electric power used in certain operating
districts of the Southern California Edison Co., Ltd., the inventory
of that withdrawal was made within an arbitrary boundary
which necessarily followed the boundaries of the operating dis-
tricts at some places, and which was about coincident with the
Long Beach-Santa Ana area. However, the area of inventory
was extended northward beyond the Long Beach-Santa Ana area
to include the relatively small La Habra basin, where withdrawal
for agricultural purposes could not conveniently be evaluated
separately, and in the area east of the Los Angeles River was ex-
tended slightly to reach the Repetto Hills. Also, it was extended
westward to Vermont Avenue, in order to include most of the
large pumping plants that withdraw ground water for industrial
use within the city of Los Angeles. Hence, the area of inventory
embraces all the coastal plain east of Vermont Avenue, which
follows the boundary between R. 13 W. and R. 14 W.

468452 O—59 2
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HISTORICAL REVIEW

Development and utilization of ground-water supplies in the
coastal plain of Los Angeles and Orange Counties began about
1870; in 1903 and 1904 Mendenhall (1905a, 1905b, 1905¢) can-
vassed and described 8,200 wells within the coastal plain, of which
about 2,600 were flowing in the spring of 1904. With respect to
the utilization of ground waters in the coastal plain prior to 1904,
Mendenhall (1905b, p. 10) wrote:

The first settlers, the Mission Fathers, after them the Mexicans, and still
later the Americans, secured their first holdings near the flowing streams of
the “ciénaga” lands, the sites of perpetual springs. As the areas under culti-
vation slowly increased, the waters of the mountain canyons were gradually
appropriated and applied to the adjacent lands. Then engineering devices
were resorted to for increasing the flow of springs, for intercepting the under-
flow of streams, or for storing the flood waters by means of dams and reser-
voirs. Lastly, attention was turned to the underground waters, which proved
to occur in large quantities and to be widely distributed, so that entire com-
munities have sprung up which depend wholly on these sources for their irri-
gation water. Developments during the last ten years [1894-1904] have been
chiefly those of underground sources * * *

Table 1, which is based on data by Mendenhall (1905b), shows
the rate of well construction prior to 1904 in the central part of
the coastal plain—that is, in the Downey and Las Bolsas quad-
rangles. This table indicates progressive acceleration in water-
well drilling, especially after 1880. However, most of these wells
were 7 inches or smaller in size—too small to accommodate irri-
gation pumps of large capacity.

TaBLE 1.— Wells constructed in the Downey and Las Bolsas quadrangles from 1860
to 1904, by 10-year periods

10-year period

Before 1870-79 1880-89 1890-99 1900-04 1
1870

Downey quadrangle:

Total . _ _ . ____. 9 133 507 1, 297 734

Average per year____________ 1 13 51 130 173
Las Bolsas quadrangle:

Total .- ______ o ___|.____ 5 2 93 123

Average per year____________|______ .5 .2 9 29
The two quadrangles:

Total . ___________________. 9 138 509 1, 390 857

Average per year____________ 1 14 51 139 202

1 Field canvass completed about March 1904.

As of 1904, Mendenhall estimated that the average discharge
of all flowing and pumped wells within the coastal plain was about
250 cfs, equivalent to a yearly withdrawal of about 180,000 acre-
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feet. From a field canvass, Mendenhall estimated the irrigated
area to be about 96,000 acres, of which nearly three-quarters was
supplied from wells. At that time the area of flowing wells had
decreased from an estimated 290 square miles initially to about
190 square miles. During the quarter century following the can-
vass by Mendenhall the rate of withdrawal from the coastal plain
increased steadily owing to (1) increased demand for irrigation
water, (2) lack of additional surface-water sources, and (3) im-
provement and widespread installation of deep-well turbine pumps.

Owing to the large and constantly increasing withdrawal, by
1928 the head on the principal ground-water bodies almost uni-
versally had declined below the land surface and nearly all wells
had ceased to flow. The magnitude of this decline of pressure
head in the Long Beach area is shown by the following striking
example, which represents the greatest known decline rather than
the average. From 1890 to 1903 the five wells of the so-called
Bouton group were constructed about 214 miles north of Signal
Hill to furnish water for Long Beach. Available records 2 indi-
cate that when the first well, No. 4/12-8P5, was completed in 1891,
its static head was about 80 feet above the land surface or 150 feet
above sea level. In July 1908 this well ceased to flow for the first
time. By July 1928 the static head in another well of the same
group, No. 4/12-8P1, had declined to about 73 feet below the land
surface or about 3 feet below sea level. Thus, in 37 years the
head of the confined water body or bodies tapped by the Bouton
wells apparently declined about 153 feet or at the average rate of
4.1 feet per year.

Continued heavy draft of ground water, together with sub-
normal rainfall in 6 of the 8 years following 1928, resulted by
1936 in the lowest water levels of record in the main basin of the
coastal plain; in the autumn low-water period of that year, the
water levels in wells were below sea level beneath about 320 square
miles or about 40 percent of the coastal plain. From 1936 into
1944 rainfall was above normal in 6 of the 8 years, while with-
drawal from much of the main basin remained about constant.
Water levels have risen considerably, so that in 1941 flow by arte-
sian pressure was rejuvenated in an area of about 25 square miles
lying immediately northeast of the Newport-Inglewood zone and
extending from Long Beach into Santa Ana Gap. From 1941 to
1944 the area of artesian flow was perennial and has expanded
slightly.

2 Unpublished notes in files of U. S. Geological Survey, in part from W. M. Brown and
Burt Harmon of the Long Beach Water Department.
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The recession of ground-water head prior to 1936 occurred
generally throughout the coastal-plain area and so indicates that
the aggregate withdrawal of water exceeded the aggregate re-
plenishment in that period. However, the substantial recovery of
head after 1936, while withdrawal was about constant, indicates
that withdrawal did not exceed replenishment in all years. Thus,
although withdrawal from the principal ground-water bodies has
been excessive at certain places, it seems that the cumulative over-
draft to 1944 has been only moderate for the area as a whole.

The recession of the ground-water head below sea level over
extensive areas in the late twenties and into the thirties produced
a downward hydraulic gradient from the ocean inland; wherever
the fresh-water-bearing beds were in contact with the ocean this
gradient would favor a landward movement of salt water from
the ocean. Also, the recession of fresh-water head would favor
invasion of the water-bearing beds by brine from the several pro-
ducing oil fields of the area and by wastes from the industrial
district in the western part of the area.

Ground waters of inferior chemical quality apparently have
existed naturally in certain permeable beds in some parts of the
area, particularly along the lower reach of the Los Angeles River
just west of Long Beach, locally in the Irvine tract east of the
Santa Ana River, and elsewhere. With these exceptions, however,
water of good quality was yielded by virtually all wells in the
area until the late twenties, when a few wells near the coast began
to yield salty water; some wells were abandoned subsequently as
the quality of the water deteriorated progressively. This deteri-
oration in water quality, in conjunction with the continuing re-
cession of ground-water head into the middle thirties, caused deep
concern on the part of local public agencies charged with the con-
servation of ground-water supplies in the coastal-plain area and
resulted ultimately in the cooperative investigation of the critical
question at issue—could withdrawal of ground water for the many
considerable requirements of the area be continued freely and in-
definitely without an ultimate substantial increase of salt-water
contamination? An inventory of withdrawal was an essential ele-
ment of the investigation.

PREVIOUS ESTIMATES

So far as is known to the writers, the only comprehensive previ-
ous estimate of ground-water withdrawal from the entire coastal
plain was that of 1903-4 by Mendenhall—specifically, about 180,-
000 acre-feet per year from flowing wells and pumped wells within
all the coastal plain and about 160,000 acre-feet within the area
covered in this report.
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From 1923 to 1928, the California Division of Water Rights
investigated the surface- and ground-water supplies believed to
be tributary to the San Gabriel River. In connection with that
study, the pumping draft in the coastal-plain area thought to be
affected by recharge from the San Gabriel River was estimated
by applying a duty-of-water factor to the irrigated acreage. The
yearly draft was estimated to be about 85,000 acre feet (Conkling,
1929, p. 39, pl. 7). Apparently, this estimate included some water
from surface sources near Whittier Narrows and, therefore, the
withdrawal of ground water probably was somewhat less than
85,000 acre-feet.

In the investigation of the Santa Ana River drainage basin from
1925 to 1928, the California Division of Engineering and Irriga-
tion estimated the utilization of water in that part of the coastal
plain within Orange County. This estimate was derived by ap-
plying a duty-of-water factor to irrigated acreage and to resi-
dential acreage; use of about 225,000 acre-feet of water per year
was so calculated (Post, 1928, p. 217). However, no estimate was
published for the proportion of this water that was drawn from
wells.

In 1932, J. H. Dockweiler ® made a systematic inventory of
water pumped from wells within the central part of the coastal
plain—specifically, within the area believed to be affected by perco-
lation from the San Gabriel River and from the Rio Hondo. This
investigation included a field inventory of plants withdrawing
about 66,000 acre-feet of ground water, also an additional draft
of 23,000 acre-feet which was estimated by applying a duty-of-
water factor to irrigated lands classified according to type of
crop. However, it is not known what proportion of this estimated
23,000 acre-feet was drawn from wells. Thus, although the total
use was estimated to be about 89,000 acre-feet in 1932, this total
may include some surface water.

Use of water in Orange County from 1932 to 1936 was appraised
in a report of the Metropolitan Water District, issued in 1936 4.
From a field canvass of the larger users of water, and an estimate
for the remainder of the irrigated acreage, the average yearly use
of water in the 5-year period was estimated to be about 196,000
acre-feet 5. The estimated use in south Orange County (San Juan
Capistrano region) was estimated as about 6,000 acre-feet a year.

3 Dockweiler, J. H., Report on flood control and water supply for the area of the coastal
plain below Whittier Narrows affected by percolation of the waters of the Rio Hondo and
San Gabriel Rivers: Unpublished report to Los Angeles County Flood Control District, July
1933.

1 Vail, H. P., Use of irrigation and domestic water in Orange County, and Whittier—La Habra
area of Los Angeles County: Metropolitan Water District private report, August 1936.

8 Vail, H. P., op. cit,, pl. 9.
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The latter area is outside the drainage basin of the Santa Ana
River and is beyond the Long Beach-Santa Ana area of the present
inventory. If the use of 6,000 acre-feet in that area is deducted,
there remains an estimated 190,000 acre-feet of water used in the
main Santa Ana basin and in the Whittier-La Habra district. The
Geological Survey estimates that about two-thirds of Vail’s sub-
total for the Whittier-La Habra district would have been used in
Los Angeles County and therefore derives from Vail's estimates
a value of about 170,000 acre-feet per year for the part of the
Long Beach-Santa Ana area that is in Orange County. Assuming
that about 50,000 acre-feet was derived from surface-water diver-
sions in that part of the area, a rough estimate of 120,000 acre-
feet of water withdrawn yearly from underground sources is de-
duced for the period from 1932 to 1936.

In the late thirties, the Board of Supervisors for Orange County
appointed a committee to study water problems in the county. In
the committee report (Anon., 1939), it was estimated that about
73,000 acres was in irrigated orchards, 57,000 acres in irrigated
farmlands, and 20,000 acres was used for residences and for busi-
ness and industrial activities. From independent studies of water
use by several investigators, it was concluded that the average
yearly use in Orange County was as follows: orchards, 19.87
acre-inches to the acre; field crops, 16.4 acre-inches; domestic,
15.6 acre-inches; industrial, 16 acre-inches; and recreational, 21.7
acre-inches. Assuming an average minimum use of 18 inches per
acre, the over-all use in Orange County was estimated to be about
225,000 acre-feet per year. Of this amount, about 50,000 acre-
feet was supplied from the streams. Thus, the draft from ground-
water sources was estimated to be about 175,000 acre-feet per year.

METHODS OF EVALUATING WITHDRAWAL
PUMPAGE BY MUNICIPALITIES

As of 1942, nine cities in Los Angeles County and nine cities
in Orange County operated municipal water systems within the
Long Beach-Santa Ana area. For each of these cities, records of
the ground-water withdrawal were collected by the Geological
Survey directly from officials of the water departments or from the
city engineers. The 18 cities are listed in table 2, which also gives
the volume of ground water withdrawn by each in the calendar
year 1941. With the exception of Los Angeles, all these cities de-
rived their supply exclusively from wells during the period of
inventory, except as noted in table 4.

Records of the yearly withdrawal by each of these cities for
periods beginning as early as 1900, are presented in table 4 in
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TABLE 2.— Municipalities withdrawing ground water in the Long Beach—Santa Ana
area, as of 1941

Los Angeles County Orange County
City Withdrawal City Withdrawal
(acre-feet) (acre-feet)
Compton *_ _______________ 1,006 | Anaheim ! _____._______ 1, 514
Huntington Park___________ 3,338 | Brea___________________ 49
Long Beach ______________ 18,685 | Fullerton . _____________ 1, 391
Los Angeles 1______________ 105 | Laguna Beach 2. ________ 1, 285
Lynwood.__________________ 31,878 | La Habra_______________ 122
Signal Hill_ __ _____________ 1,900 | Newport Beach_________ 1, 160
South Gate________________ 3,84 | Orange_____._____.___.. 1, 154
Vernon____________________ 3,584 | Santa Ana '_____________ 3, 547
Whittier__ _______________. 2,935 | Seal Beach__ __________. 168

1 Member city, Metropolitan Water District.

2 Through Laguna Beach County Water District.

3 July 1, 1940 to June 30, 1941.
acre-feet and in the units adopted as the standard by the several
cities. Table 5 gives the total yearly withdrawal by all cities in
each county from 1932 through 1941.

INDUSTRIAL CONSUMPTION

The western part of the Long Beach-Santa Ana area is highly
industrialized but there are relatively few industrial plants in its
eastern part, in Orange County. The withdrawal of ground water
by the industrial plants in Los Angeles County was estimated from
the results of a brief but comprehensive field canvass by the Geo-
logical Survey, based partly on lists of plants believed to be large
consumers of ground water (lists which were supplied by the
Los Angeles County Flood Control District and by the Los Angeles
Department of Water and Power, and which were of considerable
assistance). So far as is known, all the industrial plants using
large quantities of ground water, also many of those using smaller
quantities, were contacted by a visit in the field, by correspondence,
or by telephone. Table 3 indicates that 64 of the 122 industrial

TaBLE 3.—Distribution of representative industrial plants according to source of water

Water drawn Water purchased
Type of industry from own from municipal
wells system or from

water company

Petroleum refineries___ _____________ .. _________ 8 1
Rubber plants______ . _________ ... 4 0
Laundries____ . ______ o ______ 4 16
All others ' _ _ _ _ __ _ _ __ o .__ 48 41

Total . ____________ o PR 64 58

1 Includes paper mills, steel mills, breweries, gun clubs, railroad yards, meat packers, soap manufacturers,
construction companies, and miscellaneous.
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plants contacted—52 percent—were supplied by their own wells.
The others were supplied by water purchased from municipalities
or water companies.

The field canvass yielded water-meter records or estimates of
withdrawal from most of the industrial plants using ground water
in the coastal zone of the Long Beach-Santa Ana area. Also, the
canvass included about 80 percent of the total withdrawal by
plants in the part of the project area that is in Los Angeles
County, and 90 percent of the total by plants in the part that is
in Orange County. Accordingly, totals for industrial withdrawal
were derived for summary table 5 by increasing the canvass sub-
totals by 25 percent for Los Angeles County and by 11.1 percent
for Orange County.

The several gun clubs in Orange County whose withdrawal is
classed for convenience as “industrial,” were not contacted di-
rectly. Estimates of their water use were furnished by the Orange
County Flood Control District and are embodied in the subtotals
of table 5.

PUMPAGE FOR AGRICULTURAL PURPOSES

In the Long Beach-Santa Ana area irrigation constitutes the
largest single use of ground water, which as of 1941 was nearly
half the total of all uses in the part of the area that is in Los
Angeles County and was slightly more than 80 percent of the
total for the part of the area in Orange County (table 5). Thus,
the accuracy of the over-all inventory depends largely on the ac-
curacy with which the withdrawal of ground water for agricultural
purposes can be evaluated.

Most of the ground water withdrawn for irrigation in the Long
Beach-Santa Ana area is raised by electrically-driven pumps and
only about 10 percent by nonelectric pumps—that is, by pumps
driven by internal-combustion engines using natural gas, diesel
oil, butane, or gasoline as fuel. This estimate is derived from
data of the field canvass, and from suggestions and information
by the Southern California Edison Co., Ltd., the Southern Cali-
fornia Gas Co., the Orange County Flood Control District, and
other agencies. Under these conditions, the withdrawal for agri-
cultural purposes was evaluated with reasonable accuracy by de-
riving yearly mean energy factors (energy expended in raising a
unit quantity of water) and applying these factors to the quantity
of electrical energy expended in pumping from wells. Suitable
adjustments were made for the water raised by nonelectric pumps
and for certain other factors, as will be developed specifically.

The yearly energy factors were derived from data on more than
1,000 pump-efficiency tests made throughout the area by the South-
ern California Edison Co. from 1918 through 1941; also, from
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about 70 such tests by the Orange County Flood Control District
in 1937-38, from 23 tests by Tavernetti and Huberty ¢ in the vi-
cinity of Garden Grove in 1935, and from 12 tests by the Geologi-
cal Survey in 1941-42. From each such test under representative
conditions, there was derived an individual energy factor, in terms
of kilowatt-hours expended in delivering one acre-foot of water
onto the land. From these tests average energy factors were then
calculated by years for each of eight power-distribution districts
of the Southern California Edison Co. In turn, these average fac-
tors were plotted on a time graph separately for each district, a
somewhat smoothed curve was drawn through the plotted values,
and mean energy factors for each district and for each year were
read from the smoothed curves. From the “spread” of the basic
data, it is believed that the mean yearly energy factors for each
of eight power-distribution districts compensate rather thoroughly
for variations in the efficiencies of individual pumps and in pump-
ing lifts in the Long Beach-Santa Ana area.

Energy expended on pumps withdrawing ground water for
agricultural purposes constitutes most of that sold in the Long
Beach-Santa Ana area under the “agricultural” rate schedule of
the Southern California Edison Co., Ltd. Yearly totals of kilowatt-
hours under that particular rate schedule were made available to
the Geological Survey by the power company for eight so-called
operating or power-distribution districts, which together encom-
pass all the extramunicipal area and most of the municipal area
of the field inventory. These include the Long Beach, Compton,
Huntington Park, Montebello, and Whittier districts in Los Ange-
les County; also the Huntington Beach, Santa Ana, and Fullerton
districts in Orange County.

To reduce this record of agricultural kilowatt-hours to the needs
of the inventory, certain adjustments were made, as follows:

1. Certain large water companies or land companies use considerable agri-
cultural energy to boost irrigation water to hillside areas; other such com-
panies, to pump water from streams. Records of their withdrawals of ground
water were transcribed from data on operations and the electric energy used
by them was deducted from the total agricultural energy of the corresponding
operating districts. In Los Angeles County these include the Murphy Ranch
Co., the Hillside Distribution Co. (including the La Habra Heights Mutual
Water Co. and the Orchard Dale Service Co.), and the booster operations of
the Cole Ranch. In Orange County they include the Anaheim Union Water
Co., The Irvine Co., the Santa Ana Valley Irrigation Co., the Sunny Hills
Ranch, and the Yorba Linda Water Co.

2. Some agricultural power is used for purposes other than pumping

water—that is, to operate milking machines, farm-shop tools, and miscella-
neous farm equipment. From information given by the Southern California

¢ Tavernetti, J. R., and Huberty, M. R., Preliminary report on a study of group and indi-
vidual pumping plants in Orange County: Unpublished report, May 1936.

-
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Edison Co. and from general knowledge gained in the field, it was estimated
that these nonpumping uses accounted for 5 percent of the electrical energy
sold under the agricultural classification.

By the two adjustments just indicated, the record of agricul-
tural kilowatt-hours per year per operating district was reduced
essentially to kilowatt-hours expended in the withdrawal of
ground water by individuals and by the smaller water companies
for agricultural purposes. The adjusted values of kilowatt-hours
were then converted to equivalent acre-feet of water pumped, by
applying the corresponding mean yearly energy factors whose
derivation has been explained. From the basic data available,
these estimates of the yearly withdrawal of ground water for agri-
cultural purposes were practicable for the 10-year period from
1932 through 1941. Corresponding estimates for the years follow-
ing 1941 have not been made, because data for determining ade-
quate mean yearly energy factors have not been obtained during
that war period.

As mentioned on page 16, an estimated 10 percent of the water
withdrawn for irrigation is raised by nonelectric pumps. For most
of the large operators using nonelectric pumps, records of with-
drawal were transcribed from operating logs. In Los Angeles
County, the records so obtained by direct canvass included the
withdrawal by the Bellflower Water Co., the Dominguez Water
Corp., the East Bell Land Co., the Los Nietos Irrigating Co., the
Maywood Mutual Water Co. No. 1, the Montebello Land and Water
Co., and the Somerset Mutual Water Co. Two other companies in
the county—the California Domestic Water Co. and the Whittier
Water Co.—have nonelectric pumps and supply water to the
northern fringe of the Whittier district. However, these two com-
panies withdraw water from wells outside the coastal plain and
were disregarded. Of the seven water companies listed, several
supply water almost exclusively for domestic use but others supply
water for a considerable agricultural use. It is estimated that this
agricultural use in the 10-year period from 1932 through 1941 has
averaged about 4,500 acre-feet per year and, further, that this
water is half the total withdrawn for agricultural purposes by
nonelectric pumps in the part of the inventory area that is in Los
Angeles County. These estimates agree reasonably with the ante-
cedent estimate that about 10 percent of all withdrawal for agri-
cultural uses is by nonelectric pumps, and with the calculated
values for withdrawal by electric pumps.

In Orange County, the principal users of nonelectric energy to
withdraw ground water for irrigation include the Anaheim Euca-
lyptus Water Co., the Emery Ranch, the Carpenter Irrigation
District, and the John T. Carpenter Water Co. Withdrawal by
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these several companies was obtained by direct canvass, has aggre-
gated about 2,000 acre-feet in the early forties, and is estimated
to be 20 percent of the over-all draft of ground water for agricul-
tural use by nonelectric pumps in the part of the inventory area
which is in Orange County. These values for canvassed with-
drawal and percentage are also in reasonable agreement with the
calculated values for withdrawal by electric pumps.

Table 5 gives a summation of yearly withdrawal of ground
water for agricultural use from 1932 through 1941, which was
obtained by adding (1) withdrawal by individuals and small
organizations, calculated by the energy-factor method; (2) with-
drawal by the large water companies, land companies, or ranches
for which an adequate record was obtained by direct canvass;
(3) withdrawal by the larger organizations using nonelectric
pumps, also canvassed directly; and (4) small percentage allow-
ances for withdrawal neither calculated by the energy-factor
method nor canvassed directly, in accord with the preceding
explanation.

PRIVATE WITHDRAWAL FOR NONINDUSTRIAL AND
NONAGRICULTURAL PURPOSES

In the area of inventory, many water companies deliver water
chiefly for domestic use, but do not operate with agricultural
energy from the Southern California Edison Co. Most of these
water companies that supply more than 200 services were con-
tacted by telephone or by correspondence. Records of metered or
estimated water use were obtained from 30 of these water com-
panies, several of which have plants in more than one locality.
Similar records were obtained from the several county water
works or county water districts.

In all, the records of metered or estimated water use so obtained
in Los Angeles County included about 60,000 services. Assuming
that each service averaged four persons, the total use so estimated
was that by 240,000 people—that is, by about 92 percent of the
population outside of municipalities that operate their own water
systems, but within the area of inventory. This percentage esti-
mate is based on figures from the Federal Census of 1940.7

In Los Angeles County, for the larger companies not furnishing
a record of water use and for all companies with less than 200
services, the withdrawal was estimated from the total of services
and an average use factor of 0.446 acre-foot per service per year.

7 Final population figures for the United States, by States, 1940; population of the State
of California, final figures, 1940: U. S. Bur. Census (16th), ser. P-2, no. 35 (Al-4, G-49),
released Jan. 9, 1941. Populations of the counties of California by minor civil divisions

(judicial townships) 1940: U. S. Bur. Census, ser. P—2a, no. 31 (Al-4, G-49), released Feb. 16,
1941. .
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This use factor was derived from the records supplied by eight
representative water companies in the county, which in 1941 de-
livered 12,449 acre-feet of water to 27,884 domestic services. No
additional allowance was made for domestic use in Los Angeles
County by individuals not supplied by a municipal, water-company,
or county system. The total number of such users is probably
less than 10,000, and some of these are supplied from irrigation
wells.

According to the Federal Census, the population within the
area of inventory in Orange County was 128,328 people in 1940.
Of this number, 76,812 persons lived in cities supplied by munic-
ipal water systems. It is estimated that an additional 28,900 per-
sons were supplied by water companies or by county water
districts whose delivery records had been canvassed directly. For
the remainder, about 22,600 persons as of 1940, it was assumed
that the average use was 100 gallons per person per day, or
0.112 acre-foot per person per year. This allowance agrees almost
precisely with the figure of 0.446 acre-foot per service per year
that was applied in Los Angeles County. The domestic use so
derived for Orange County was 2,529 acre-feet in 1940; for other
years the water use was prorated in accordance with the growth
of extramunicipal population between 1930 and 1940, based on
the Federal Census.

DATA ON YEARLY WITHDRAWAL

Table 4 lists yearly withdrawal of ground water by each
municipal water system, 9 cities in Los Angeles County, and 9
cities in Orange County operating municipal water systems with-
in the area of inventory (table 2). In table 4, each record is
carried back for as many years as data are available and is ex-
tended into or through 1944. The longest record, that of Santa
Ana, begins with 1900.

TaBLE 4.—Yearly withdrawal of ground water by municipalities in the Long Beach—
Sanla Ana area

LOS ANGELES COUNTY
Compton, 1937-44

[Estimates by Water Department, from metered consumption]

Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons
1935 ... e 1940 . ____. 688 2,111
1936 | _____ e 1941 . 328 11, 006
1937 ___ 621 1,906 || 1942 _________. 652 2, 002
1938 _____. 648 1,988 || 1943 _________ 779 2, 391
1939 __ 667 2,048 || 1944 ________. . 2414 21,271

See footnotes at end of table.
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TaBLE 4.—Yearly withdrawal of ground water by municipalities in the Long Beach—
Santa Ana area—Continued

LOS ANGELES COUNTY—continued

Huntington Park, 1925-44

Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons
1925 . _______ 357 1,006 || 1936 ________. 945 2, 899
1926 _ | |eeo___ 1936 . ______ 967 2, 966
1927 ______ 672 2,063 || 1937 . ________ 968 2, 969
1928 __________ 560 1,718 || 1938 ______.__ 1, 022 3, 135
1929 __________ 801 2,459 || 1939 _________ 1, 120 3, 437
1930 ______ 843 2,588 || 1940 ._____. 1,118 3, 430
1931 ____ 882 2,706 || 1941 _______ 1, 088 3, 338
1932 ______ 912 2,799 || 1942 T ______ 1, 210 3, 713
1933 ... 936 2,872 || 1943 __________ 1, 308 4, 016
1934 _________ 955 2,931 || 1944__ ________. 1, 338 4, 105
Long Beach, 1915-44
[Includes withdrawal for city of Signal Hill through October 1929)
Year Acre-feet Year Acre-feet
1915 ... 6,032 || 1930 o ____ 18, 170
1916 ______________ 6, 021 1931 L. 17, 152
1917 . 6,794 || 1932 _______________.____ 16, 022
1918 . 7,455 || 1933 . o __ 15, 810
1919 . _. 8373 || 1934 _________._______ 14, 949
1920 __ ... 8,660 || 19356 _____.____ 15, 369
1921 .. 8,549 || 1936 . ________________ 17, 115
1922 .. 9,520 || 1937 . __ 16, 558
1923 .. 14,683 || 1938 ____ __ __ . ________ 17, 323
1924 __ .. 15,549 || 1939 .. . ______ 17, 939
1925 __ .. 14,596 || 1940 ______ . ____________ 17, 700
1926 . _____ 15,838 || 1941 . _______________. 18, 685
1927 ... 16,943 || 1942 ___________________ 321, 580
1928 .. 21,549 || 1943 _ . _ .. 821,733
1929 ____. 22,170 || 1944 _________________ 822, 317
Los Angeles, 1918-44

[Total withdrawal from Figueroa Street, Green Meadows, Lomita, Manhattan, Slauson, and Wilmington

pumping plants; these are local sources supplementing surface-water supply imported principally from

Owens Valley]
1916 | __ 1930 e 12, 040
1916 | ___ 1981 e __ 13, 828
1917 | __. 1932 . 8, 208
1918 . 1,043 }| 1933 . 8, 434
1919 . 5,489 || 1934 __ ... ____ 8, 055
1920 .. __ 7,312 || 1985 ... 7,211
1921 . 10,135 || 1936 ___ ... ______ 802
1922 ______ - 9,267 || 1987 __ oo 1,137
1923 . 12,888 || 1938 _ ____ . _____ 934
1924 _______ 15,638 || 1939 ___ . ___._._ 90
1925 .. 17,085 || 1940 . ... 0
1926 _____________ 17,521 || 1941 _______ 105
1927 . 14,480 || 1942____________________ 180
1928 . 14,399 || 1943 __ ... 1, 240
1929 17,882 | 1944 _______ 1, 790

See footnotes at end of table.
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TaBLE 4.—Yearly withdrawal of ground water by municipalities in the Long Beach—
Santa Ana area—Continued

LOS ANGELES COUNTY—continued

Lynwood, 1936-44

[For years ending June 30}
Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons
1935 e 1940 . ____.____ 604 1, 854
1936 .__ 492 1,510 |} 1941 ________. 612 1, 878
1937 . . 477 1,464 || 1942___________ 754 2, 315
1938 ____ 499 1,532 || 1943 _________ 871 2, 672
1939 . __.____ 544 1,670 || 1944___________ 912 2,798
Signal Hill, 1929-44
1925 e |l 1936 ____ 41,120 3, 440
1926 e 1936 _______ 868 2, 664
1927 e 1937 . 791 2, 427
1928 || 1938 . ... __ 751 2, 304
1929 .. 45325 997 || 1939_ . _______ .. 702 2, 154
1930___________ t1,710 5,247 || 1940 ________. 721 2, 213
1931 . _____ 1, 391 4,268 || 1941___________ 619 1, 900
1932 ____. 1, 150 3,529 || 1942 _________ 553 1, 696
1933 ___ 1, 091 3,347 || 1943___________ 621 1, 906
1934 . _________ 41,100 3.375 || 1944___________ 546 1, 675
South Gate, 1927-44
1925 . e e 1935 . _______. 451 1, 384
1926 | |eoio_ 1936 . _________ 531 1, 630
1927 . _____ 172 527 |} 1937___________ 586 1, 799
1928 . ____ 203 622 |} 1938_ . ________ 687 2,108
1929 _______ 353 1,083 || 1939 _____._.___ 851 2, 613
1930 - oo 406 1,245 || 1940 . _________ &1, 061 3, 256
1931 ... 464 1,425 || 1941 _________ 61, 246 3, 824
1932 _____ 442 1,357 || 1942___________ 61, 368 4, 197
1933 . 438 1,344 || 1943 _______ 61,614 4, 952
1934 . __ 465 1,427 || 1944 _________ 81,610 4, 942
Vernon, 1938-44
Year Thousands of | Acre-feet Year Thousands of | Acre-feet
cubic feet cubic feet
1935 | |o-_ 1940 __________ 127, 674 2, 931
1936, | |e-_ 1941 . . ___.___ 156, 126 3, 584
1937 || . 1942 __ 185, 225 4, 253
1938 . .. 130, 506 2,996 || 1943 . ________ 246, 745 5, 665
1939_ __________ 125, 293 2,876 || 1944 . _________ 256, 902 5, 898

See footnotes at end of table,
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TaBLE 4—Yearly withdrawal of ground water by municipalities in the Long Beach—
Santa Ana area—Continued

LOS ANGELES COUNTY—continued

Whittier, 1927-44

Year Thousands of | Acre-feet Year Thousands of | Acre-feet
cubic feet cubic feet
1925 oo 1935 ... 107, 347 2, 464
1926 || 1936 ____ ... 118, 974 2, 731
1927 ___________ 103, 437 2,375 || 1937__________. 111, 207 2, 553
1928_ . ____ 110, 731 2,542 || 1938______._____ 127, 005 2,916
1929 . ___ 123, 506 2,835 1| 1939___________ 133, 798 3,072
1930 . _______ 123, 465 2,834 || 1940___________ 132, 325 3, 038
19310 ________ 126, 427 2,902 || 1941 __________ 127, 832 2, 935
1932 . ... 116, 930 2,684 || 1942___________ 141, 612 3, 2561
1933 . ____ 113, 273 2,600 || 1943___________ 151, 529 3, 479
1934 __________ 110, 098 2,528 || 1944 __________ 151, 030 3, 467
ORANGE COUNTY
Anaheim, 1918-44
Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons
1916 e 1930 _______ 465 1, 426
1916 || . 1933 . .. 469 1, 439
1937 |2 1932 _________ 451 1, 385
1918 ______.__ 186 571 |} 1933 __ . _____._ 446 1, 370
1919 _________ 190 584 || 1934__ . _____._._ 444 1, 363
1920 . ______ 197 604 || 1935 . _____ 471 1, 446
192y ... 244 748 §| 1936 _ . ______._. 505 1, 550
1922 . ____.___. 305 937 || 1937_ - _________ 479 1,470
1923 . _____. 289 888 || 1938____.______C 546 1, 677
1924 ____ 398 1,222 [ 1939 . _________ 591 1, 814
1925 . ______ 406 1,247 | 1940 _________ 572 1, 756
1926 ________ 470 1,441 || 1941 ___________ 493 | 71,514
1927 _ _________. 409 1,254 || 1942 __ | ... 1, 756
1928 ____.____ 426 1,307 || 1943 . |- 2,224
1929 _____. 472 1,449 || 1944 _ ________ | __.____ 81,280
Brea, 1937-41

[No record of production avallable but estimated by the water superintendent to have been on the order
of 16, million gallons (49 acre-feet) per year from 1937 through 1941]

See footnotes at end of table.
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TaBLE 4—Yearly withdrawal of ground water by municipalities in the Long Beach—
Santa Ana area—Continued

ORANGE COUNTY—continued
Faullerton, 1914-44

[Pumpage from 1914 through 1927 and for 1929 is for fiscal years ending June 30; pumpage for 1928 and be-
ginning 1930 is for calendar years]

Year Millions of Acre-feet Year Millions of | Acre-feet
gallons gallons

1910 | .. 1930 - ____ 431 1, 324
191 | .. 1931 _________ 437 1, 340
1912 | ___. 1932 . ____ 422 1, 295
1913 . el - . I 1933 ___.___ 426 1, 307
1914 _______ 24 75 || 1934_ _ ______.___ 413 1, 267
1915 ... 60 185 || 1935- . .- ____ 423 1, 299
1916 .. ___. 71 218 | 1936 . _________ 514 1, 577
1917 .. 65 200 || 1937 ... __ 556 1,707
1918 .. __._ 71 217 || 1938 . ___.____. 555 1,703
1919 . ___ 72 220 || 1939__ _________ 636 1, 951
1920 __________ 75 230 || 1940 __________ 647 1, 985
1921 .. 30 92 || 1941___________ 453 | 91,391
1922 _________ 44 135 || 1942__ _________ 545 1,672
1923 _ . _____._ 85 261 || 1943___________ 647 1, 985
1924 ___ .. 300 921 || 1944 ________.__ 562 1, 725
1925 . __ 326 1, 000

1926 ... __ 320 982

1927 ... 319 979

1928 __ -] 416 1, 278

1929 _______ 458 1, 404

Laguna Beach County Water District, 1927-44
[Water supply used almost exclusively by city of Laguna Beach]
Year Thousands of | Acre-feet Year Thousands of | Acre-feet
cubie feet cuble feet

1925 oo 1935 ... 32, 279 741
1926 oo 1936 ... 39, 946 917
1927 ____ 10, 475 240 || 1937 . __.__._ 43, 096 989
1928 ________ 13, 546 311 ) 1938 __________ 46, 582 1, 069
1929 _________. 18, 509 425 || 1939 __________ 48,914 1,123
1930 .. ______. 20, 560 472 |1 1940 _ . ___ .. ___ 49, 329 1,123
1931 ... ___._ 25, 888 594 1941 _________. 55, 959 1, 285
1932 ________ 22, 889 525 1 1942_ __________ 49, 931 1, 146
1933 . .- 24, 398 560 || 1943__________._ 53, 272 1, 223
1934 ______ 29, 220 671 || 1944 __________ 105, 475 126

See footnotes at end of table.
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TaBLE 4.— Yearly withdrawal of ground waler by municipalities in the Long Beach—
Santa Ana area—Continued

ORANGE COUNTY—continued

La Habra, 1934-41
Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons
1930 || 1940 __________ 64 198
1931 | 1941 _______ 40 122
1932 ||
1933 . ||
1934 _________ 31 95
1936 _______.._ 45 137
1936 ... 54 166
1937 .. 45 138
1938 ... 79 243
1939 ... 58 179
Newport Beach, 1930-44
[For years ending May 30]
Year Thousands of | Acre-feet Year Thousands of | Acre-feet
cubic feet cubic feet
1930 . ____. 36, 076 828 || 1940_ __________ 49, 799 1, 143
1931 _________. 39, 609 909 || 1941 __________ 50, 517 1, 160
1932__________. 43, 040 088 |l 1942 __ 59, 667 1, 370
1933 ... 37, 187 854 || 1943 . ________. 73, 626 1, 690
1934 _ ... 37, 946 871 (| 1944 _____.___ 80, 441 1, 847
1935 ... ___. 37,984 872
1936 . 44 064 1,012
1937 - 47,539 | 1,091
1938 . ____. 47, 128 1, 082
1939_ _________. 45, 694 1, 049
Orange, 1922-44
Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons

1920 .| .. 1935, ... 304 933
1921 |l .. 1936 . . ___._.. 332 1,018
1922______ . ____ 236 723 || 1937 - __..___. 341 1, 048
1923 _________ 240 736 || 1938 _ .. ___._ 364 1, 116
1924 _________ 275 843 || 1939 ____._._... 369 1, 131
1925 . ______ 284 871 || 1940 . ____..... 375 1, 150
1926 _ ... ____ 262 804 || 1941__________. 376 1, 154
1927_ ... 263 808 || 1942__________. 428 1, 314
1928 _ ... u 273 838 || 1943 __________ 456 1, 398
1929 ________ 298 914 1944 _____. 457 1, 401
1930 .. _____._ 307 941
1931, . .. 318 977
1932_ .. ___ 309 949
1933 . ... 295 906
1934 ... __. 291 892

See footnotes at end of table,
468452 0—59——38
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TaBLE 4.— Yearly withdrawal of ground water by municipalities in the Long Beach—
Santa Ana area—Continued

ORANGE COUNTY—coOntinued

Santa Ana, 1900-44

Year Millions of Acre-feet Year Millions of Acre-feet
gallons gallons

1900 - . ______ 237 727 11926 _______ 1,314 4, 033
1901 ________._ 248 761 || 1926 . _________ 1, 403 4, 305
1902 __________ 256 786 || 1927___________ 1, 336 4,101
1903 . _____ 294 903 || 1928__ _________ 1, 312 4 027
1904 - _______ 355 1,000 || 1929___________ 1, 345 4,128
1905 - _____.___ 379 1,162 | 1930 ____._____ 1, 344 4,123
1906 _______ 514 1,577 || 1931 ___________ 1, 314 4,033
1907 . ______. 456 1,400 | 1932 . ___.____ 1, 238 3, 800
1908 _______. 477 1,461 || 1933 . _____ 1,134 3, 480
1909 __________ 458 1,406 || 1934 .. _______ 1, 123 3, 448
1910 - __._____ 544 1,668 || 1935 __________ 1, 116 3, 425
1911 _________ 539 1,654 || 1936___________ 1,212 3,721
1912 . _____ 779 2,390 || 1937_ . ______... 1, 124 3, 450
1013 . . 810 2,486 || 1938 __________ 1,273 3, 908
1914 _ . ____ 785 2,409 || 1939_ . _________ 1, 255 3, 852
1915 . ________ 884 2,713 || 1940_ __________ 12172 3, 944
1916 ___ . ______ 955 2,929 || 1941___________ 12155 | 133, 547
1917 . ____ 893 2,741 || 1942___________ 2196 4, 506
1918 __________ 868 2,664 || 1943___________ 12218 4,010
1919 __________ 634 1, 946 1944 _____ 176 1, 753
1920 - _______ 970 2, 977

1921 __________ 1,014 | 3 111

1922 ____.__ 1, 099 3,373

1923 . 1,291 3, 961

1924 __________ 1, 436 4, 407

Seal Beach, 1937-44
[Prior to October 1937, all water purchased from city of Long Beach. Pumpage since 1937 equals metered
consumption plus 18 percent to cover estimated losses, less water purchased from Long Beach]
Year Thousands of | Acre-feet Year Thousands of | Acre-feet
cubic feet cubic feet

1935 | jeo__. 1940___________ 7, 624 175
1986 || ___. 1941 ______ 8, 942 205
1937 .. ___ 800 18 || 1942 __________ 10, 106 232
1938 . _______ 5, 005 115 || 1943 __ . _______ 11, 612 267
1939_ . ______ 5, 571 128 || 1944 __________ 13, 680 314

1In addition, 1,328 acre-feet supplied by Metropolitan Water District.
2 Through June 1944, only.
# Additional water supplied by Metropolitan Water District.
¢ Metered consumption plus 11 percent to cover estimated losses.
6 November and December only; through October 1929 water supplied by city of Long Beach.
8 Metered at wells; in antecedent years, quantities by city engineer from metered consump-
tion and coefficient for losses.
7 In addition, 479 acre-feet supplied by Metropolitan Water District.

® Water supplied chiefly by Metropolitan Water District beginning in July 1944.

° In addition, 845 acre-feet supplied by Metropolitan Water District.
1 Water supplied chiefly by Metropolitan Water District beginning in February 1944.
11 Pumpage for April and December estimated.
32 Millions of cubic feet.
18 In addition, 320 acre-feet supplied by Metropolitan Water District.
1 Water supplied chiefly by Metropolitan Water District beginning in May 1944.
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FIGURE 1.—Withdrawal of ground water from the Long Beach Santa-Ana area 1932-41.

Table 6 and figure 1 summarize the yearly withdrawal of ground
water from the area of inventory (p. 9) for the 10 years from
1932 through 1941, by counties and according to type of use. The
use classification cannot be applied rigorously, however. For
example, the industrial withdrawal as listed does not include de-



28 HYDROLOGY, LONG BEACH—SANTA ANA AREA

liveries by several water companies for industrial use—this water
is included in part in the total for “miscellaneous” and in part
in the total for “agricultural;” also, a few of the water companies
whose production is included under agricultural deliver a minor
proportion of their water to domestic services, and other com-
panies whose pumpage is included under ‘“‘miscellaneous” deliver
part of their water for irrigation as well as for the industrial uses
to which reference has been made above. The primary purpose
of the inventory was to estimate the over-all withdrawal of ground
water from the area, which is given in table 5; a strict break-
down according to use was not feasible in the time and with the
personnel available. Table 5 indicates that during the 10 years
from 1932 through 1941 the average yearly withdrawal of ground
water was about 182,000 acre-feet from the part of the area in
Los Angeles County, about 142,000 acre-feet from the part in
Orange County, and about 824,000 acre-feet from the area of
inventory.

TaBLe 5.—Summary of yearly ground-water withdrawal from the Long Beach—
Santa Ana area, in acre-feet, 1932—41

1932 1933 1934 1935 1936 1937 1938 1939 1940 1941

Los Angeles County

Municipal systemsA 41,
Industrial__

Agricultural 1.
Miscellaneous 2

, 400 | 39,200 | 38,700 | 33,900 | 33,400 | 35,000 | 35900 | 36,600 | 37,300
, 500 | 21,900 | 23,100 | 26,900 | 24,100 | 22,200 | 27,100 | 28,300 | 32,800
, 600 84 700 | 79,500 [101,200 | 94,500 | 93,000 | 96,500 | 92,000 | 77,700
28,400 | 29, 100 | 30,900 | 32,500 | 34,300 | 37,800 | 39,200 | 38,400

174,200 (170, 400 (192, 900 {184, 500 |184, 500 (197,300 {196, 100 | 186, 200

The county

Orange County

Municipal systems, 9,100 | 8,600 | 8,600 | 8900 | 10,000 | 10,100 | 11,100 | 11,300 | 11,500 | 10,400
Industriald_________| 4,300 | 4,300 | 4,400 4 400 | 4,800 | 5,600 | 5900 | 4,200 4,400 4, 500
Agricultural 1______ 134,800 (127,400 (135, 100 113 600 (160,300 (110, 700 {109,000 112,400 (118,700 | 93,300
Miscellaneous 2. __| 4,500 | 4,900 | 5200 | 53200 | 5500 | 5600 | 5500 | 5700 5 800 5,800

The county_ ... 152, 700 | 145, 200 5153,300 132, 100 (180, 600 (132,000 {131, 500 (133,600 |140,400 | 114,000

The whole area___[317, 000 [317, 000 l327, 500 302, 500 373, 500 316, 500 316,000 330,900 |336,500 | 300,200

! Includes withdrawal by water companies that pump water chiefiy for agricultural use.
2 Chiefiy by water companies for domestic use.
3 Includes water pumped by gun clubs.

PRINCIPAL SOURCES OF THE WATER WITHDRAWN
GENERAL FEATURES

Within the Long Beach-Santa Ana area, the aquifers that yield
ground water are tapped by many thousands of water wells. The
exact number of wells is not known but it is estimated that as of
1944 there are between 6,000 and 8,000 active or potentially
active water wells within the project area. Of these, about
1,650 wells are in the coastal zone and have been canvassed by
the Geological Survey (table 29).
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These many wells vary widely in depth. Commonly, where
productive water-bearing zones occur at shallow depth beneath
land surface, the bulk of the wells tap the uppermost zone whose
water is of suitable quality. If this uppermost zone does not
yield sufficient water to supply the requirements for which the
well is constructed, and if underlying water-bearing zones occur
at economic depths, wells are drilled sufficiently deep to reach
and tap several water-bearing zones. In the coastal zone, the
depth is known for 1,540 wells; these depths range from 6 to 1,700
feet. Depths for 1,524 of these wells have been summarized in
table 6.

TaBLE 6.—Depth range for 1,624 water-supply wells and observation wells in the
coastal zone of the Long Beach—Santa Ana area

Number of Number of
Depth range (feet) wells of Depth range (feet) wells of

known depth known depth

<60 o 183 || 400-499___ . __________ 86

50-99______ .. ___ 195 || 500-749___ . _ . _ __________ 132

100-199_._____________ - 482 750-999_.. _ ___ . ____._ 81

200-299___ _____________ 176 || 1,000+ _ _ ___ _______ 50
300-399._ . ___________ 139

Thus, in the coastal zone, 32 percent of the wells range from
100 to 199 feet in depth and only 3 percent (50 wells) are more
than 1,000 feet deep. Most of the wells that are more than 1,000
feet deep are in Los Angeles County. In the inland zone the
wells vary about as widely in depth as in the coastal zone, but
their average depth is probably much greater. So far as known,
the deepest water well in Los Angeles County in 1944 was
3/12-8F1 at the Los Angeles County Farm, drilled to a depth of
1,755 feet; the deepest in Orange County was I-121D1, well 1170
of the Irvine Co., drilled to a depth of 1,660 feet.

In the Long Beach-Santa Ana area, the yield of a well does not
vary in proportion to its depth, but the wells of large capacity
commonly tap one or more of a few principal water-bearing zones
and usually are the deeper.

In Los Angeles County the wells of largest capacity occur in
two widely separated areas. (1) In and for a few miles coast-
ward from the Whittier Narrows, many of the wells yield more
than 1,000 gpm, several yield in the range from 2,000 to 3,000
gpm, and a few yield more than 3,000 gpm. These wells of large
capacity commonly are several hundred feet deep and tap not
only the Gaspur water-bearing zone of Recent age but also under-
lying water-bearing beds of Pleistocene age. The aquifers
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tapped are chiefly gravel and coarse sand of fluvial origin and of
high permeability. (2) In the Long Beach district, specifically
in the reach from Wilmington to Dominguez Gap and in the area
extending a few miles north and northeast of Signal Hill, almost
all the deeper wells yield more than 1,000 gpm, several yield more
than 2,000 gpm, and two wells in the Wilmington area yielded
4,000 gpm or more on initial test. Most of these wells tap the
Silverado water-bearing zone of Pleistocene age and range in
depth from 600 to 1,000 feet. A few municipal wells of large
capacity tap basal Pleistocene aquifers underlying the Silverado
water-bearing zone and are as much as 1,700 feet deep. These
deeper wells in the Long Beach area commonly tap gravel and
sand in an aggregate thickness of more than 200 feet—beach or
shallow-marine deposits of medium to coarse texture and of
fairly high permeability.

In Orange County also, the wells of largest capacity occur in
two widely separated areas, which in their geologic features corre-
spond to the two areas of high yield in Los Angeles County. (1)
In and for a few miles coastward from the Santa Ana Canyon,
most wells yield more than 1,000 gpm, several which are more
than 500 feet deep yield in the range from 2,000 to 3,000 gpm,
and a very few yield more than 3,000 gpm. Although many of
these wells tap the Talbert water-bearing zone, their water is
drawn currently from the underlying Pleistocene deposits be-
cause the Talbert zone is above the water table in this reach.
(2) Locally, on the north end of Newport Mesa, several of the
deeper wells yield more than 2,000 gpm. These wells tap a thick
water-bearing zone of Pleistocene age—beach or shallow-marine
deposits correlative to but much less extensive than the Silverado
water-bearing zone of the Long Beach area.

In the remainder of the Long Beach-Santa Ana area, although
the wells vary widely in depth, their yields commonly range from
300 to 1,000 gpm.,

With respect to the principal water-bearing zones, the report
on geologic features (Poland, Piper, and others, 1956) has pre-
sented specific information relating to location, extent, range in
thickness, physical character, and water-bearing character, and
has reported briefly on their general hydrologic features. The
present discussion will summarize their depth below land surface
and thickness from place to place, the districts where each is
tapped by wells or is beyond economic reach of the drill, their
relative water-yielding capacities, their estimated over-all yield
where available, and the uses to which this water is put.
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SOURCES IN THE ALLUVIAL DEPOSITS OF RECENT AGE

With respect to the occurrence and withdrawal of ground
water, the two principal aquifers in the alluvial deposits of Recent
age are the Gaspur and Talbert water-bearing zones, together
with the minor tongues in physical continuity with these zones.
Where present, these zones constitute a basal division of the
Recent deposits and are covered by the heterogeneous but pre-
dominantly fine-textured deposits of an upper division whose
upper surface is the Downey plain. Their geologic features have
been discussed elsewhere (Poland, Piper, and others, 1956, p. 44-
51, and pl. 7.)

GASPUR WATER-BEARING ZONE

The Gaspur water-bearing zone extends inland 21 miles from
Terminal Island to the Whittier Narrows and ranges in width
from a minimum of 1 mile where the channel crosses the New-
port-Inglewood zone in Dominguez Gap, to a maximum of 4 miles
in the vicinity of Downey. Throughout this 21-mile reach, the
top of the zone ranges from 50 to 100 feet below land surface.
From Terminal Island northward through Dominguez Gap, its
top is from 50 to 80 feet below land surface and its thickness
ranges from 40 to 70 feet. From Artesia Street northward to
Firestone Boulevard in the vicinity of Downey, its top ranges
from 50 to 100 feet below land surface and its thickness ranges
from 50 to 80 feet. Northward from Firestone Boulevard to
Whittier Narrows, its top is 40 to 60 feet below land surface and
its thickness ranges from 50 to 75 feet. However, in the northern
part of this segment—that is, northward from Foster Bridge
Boulevard near the Rio Hondo, and from Anaheim-Telegraph
Road near the San Gabriel River—the Gaspur zone commonly is
unconfined and is overlain by medium- to coarse-grained sand of
fair permeability.

The Gaspur water-bearing zone is tapped by wells throughout
its full 21-mile reach from Terminal Island to Whittier Narrows.
Because it is the uppermost aquifer and because it has large
water-yielding capacity, most wells drilled into this zone are
bottomed within it or a few feet below its base. However, in
most of the reach from Terminal Island into Dominguez Gap—
that is, about 6 miles inland almost to Del Amo Street—the zone
has been invaded by salty waters unfit for most uses. (Piper,
Garrett, and others, 1953, p. 177) Here, 13 wells have been
drilled through the Gaspur water-bearing zone to tap the thick,
productive, and still uncontaminated Silverado water-bearing
zone beneath. Of these, 10 wells were still active as of January
1945; only two wells, 4/13-23M1 and 27K1, were perforated in
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both the Gaspur zone and the Silverado zone. Well 23M1 col-
lapsed several years ago and has been abandoned; well 27K1
is not now used except as an observation well.

The Gaspur water-bearing zone yields water copiously, as
might be expected of a uniform and highly permeable deposit.
See table 7.

TaBLE 7.—Yield characteristics of five wells drawing from the Gaspur water-bearing
zone tn the Dominguez Gap

Water-yielding zone or zones

[
I
Well Depth
(feet) Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down |capacity!| factor?
‘ | (ieed) (feet) (teet)
} .
118 83-117 34 860 11 78 230
161 80-138 58 1, 500 17 88 152
187 | ol 210 184 12 | ..
128 60-127 67 210 ||l - e
135 ‘ 80-126 430 6 72 156

L Gallons per miméte peé foot of drawdown.
N pecific capacity x 100
Yi‘eld factor Thickness of aquifer, in feet

NOTES.—In table 7 and similar tables to follow, specific capacity (relation of drawdown to
discharge) is used as the convenient rough scale for the water-yielding capacity of a well and
for the relative transmissibility of the water-bearing zone at the place. The additional
concept, defined by the “yield factor,” is introduced as an approximate relative measure for
the permeability of the water-bearing material tapped by a well. Specific capacity and yield
factor both involve drawdown, which as measured in a well is due to two increments of head
loss: (1) that incident to movement of water toward the well through material of a certain
average permeability and (2) that incident to entrance of water into the well casing. Thus,
both specific capacity and yield factor depend not only on the characteristics of the water-
bearing material tapped but also on the number, size, and condition of perforations in the
casing and their distribution within the water-bearing zones tapped.

In this report, especially in table 7 and other tables tn follow, yield and drawdown are
given for a substantial number of wells tapping one or more of the principal water-bearing
zones. From these data, specific capacity or gallons per minute per foot of drawdown has
been computed. In addition, specific capacity has been divided by thickness of water-bearing
material yielding water to the well and the quotient so cbtained has been multiplied by
100 for convenience in expression. The result has been termed the “yield factor.”

In Geological Survey Water-Supply Paper 887, pages 147-151, Wenzel has pointed out the
shortcomings of the relation between drawdown and discharge as an index of relative perme-
ability. Nevertheless, it is believed that in the absence of more specific data the yield factors
of this report afford a useful rough index of the average permeabilities of the water-bearing
material, because:

1. Yield factors are derived only for wells which tap confined water bodies and whose draw-
downs are so moderate that none of the permeable material is unwatered, and that a
straight-line relation of drawdown to discharge holds in most cases.

2. Virtually all the wells are of the common ‘California” or stovepipe construction, with
casings in the range from 12 to 16 inches in diameter and perforated alike.

3. So far as possible, the yield factor was calculated from data taken early in the life of the
well, commonly at the end of the period of development and test-pumping. The more
reliable values probably are those obtained from relatively new wells, because there is a
tendency for specific capacity to decrease with age of casing, presumably owing to
encrustation or other processes that decrease the effective size of perforations or other-
wise increase entrance friction.

Data for calculating specific capacity or yield factor are not
available for wells that tap the Gaspur water-bearing zone inland
from the Dominguez Gap. However, it is known that the most
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copious yields from the zone are from wells in or near the Whit-
tier Narrows—commonly more than 1,000 gpm.

The Gaspur water-bearing zone yields copiously to wells for
irrigation, municipal, domestie, and industrial uses. Initially, this
zone sustained a heavy draft throughout the reach from Whittier
Narrows to Terminal Island. However, since the early twenties
the chemical quality of its water has deteriorated greatly in and
coastward from the Dominguez Gap, withdrawal from the zone
in that area has decreased sharply and currently is small. In-
land from the Dominguez Gap, withdrawals have been about con-
stant in the past decade, although there has been a continued
shift from irrigation to domestic use as agricultural develop-
ments have been transformed to residential areas.

In its 6-mile reach between the coast and the Dominguez Gap
(Del Amo Street) the Gaspur water-bearing zone covers about
11 square miles and has been tapped by about 85 percent of the
wells of known depth in that area. From a map showing irrigated
area as of 1932 (Calif. Div. Water Resources, 1933, pl. A), it is
estimated that about 8 square miles of the area then was under
irrigation, and probably used about 2,500 acre-feet of water a
year. At that time a few wells were pumped for industrial use
and possibly 50 wells for domestic or stock use, but the yearly
withdrawal by all these did not exceed a few hunded acre-feet.
Although this area is underlain at greater depth by the prolific
Silverado water-bearing zone, the field canvass of wells by the
Geological Survey showed that this land has been irrigated almost
exclusively by water drawn from the Gaspur zone. In addition
to this draft for irrigation, some water was exported by wells of
the Dominguez Water Corp. (written communication, 1944),
which has estimated from records that its withdrawals from the
zone was 3,736 acre-feet in 1928, 470 acre-feet in 1933, nothing
in 1938, and 153 acre-feet in 1943,

Thus, the aggregate withdrawal from the Gaspur water-
bearing zone between the coast and Del Amo Street in 1982 is
estimated to have been about 3,500 acre-feet, or about equal to
that by the Dominguez Water Corp. as of 1928. This suggests
that withdrawal diminished about 50 percent from 1928 to 1932.
As of 1941, there were 24 more or less active irrigation wells,
3 public-supply wells, and 2 industrial wells tapping the Gaspur
zone in this same area. By then, the water within the zone had
become grossly contaminated beneath about 7 square miles of
the area, and 8 of the 29 wells equipped with turbine pumps were
within the area whose water contained more than 500 ppm of
chloride (Piper, Garrett, and others, 1953, pl. 17). With con-
tamination in this degree, withdrawal from the zone had di-
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minished to an estimated 2,000 acre-feet a year, or to about 25
percent of the withdrawal of 1928. Since 1941 withdrawal has
diminished still more, owing to spread of contamination and to
construction of housing propects in areas that formerly were
irrigated. Domestic water for these housing propects is supplied
chiefly by the city of Long Beach, and thus is not drawn from the
Gaspur zone.

In its 15-mile reach from the Dominguez Gap inland to the
Whittier Narrows, the Gaspur water-bearing zone underlies about
34 square miles and is estimated to be (as of 1944) the source
of 75 percent of the water drawn from wells in this reach. All
this area is intensively developed—most of the 6-mile reach down-
stream from Whittier Narrows is planted to citrus groves and
the succeeding 9-mile reach downstream to Del Amo Street is
planted to garden and field crops or is used for domestic and
industrial purposes. Under these conditions, it is estimated that
from this 34-square-mile area the aggregate withdrawal in 1944
was about 30,000 acre-feet a year and the withdrawal from the
Gaspur zone about 23,000 acre-feet a year (75 percent of the
aggregate). Although several thousand acres in this reach are
irrigated by water diverted from the San Gabriel River and the
Rio Hondo (Conkling, Harold, 1927, p. 116-119, pl. 18; Blaney
and Huberty, 1930, table 5), an equal area beyond the reach of
the Gaspur water-bearing zone is irrigated by water withdrawn
and exported from that zone and from underlying deposits. Thus,
the evidence suggests that ground water exported from the Gaspur
zone to irrigate outlying lands more than offsets the surface water
imported. Accordingly, it is estimated that as of 1941 the with-
drawal from the entire Gaspur water-bearing zone from Whittier
Narrows to Terminal Island was about 25,000 acre-feet a year.
Since 1941, during the war, the withdrawal from the Gaspur
zone has diminished between Del Amo Street and the coast
(p. 33) but probably has increased substantially from Del Amo
Street inland to Whittier Narrows, especially with respect to
water exported. Therefore, as of 1944 the withdrawal from the
entire zone probably was not less than 25,000 acre-feet.

The minor water-bearing tongue which trends southward from
the Los Angeles Narrows and merges into the Gaspur zone about
a mile northeast of Compton (Poland, Piper, and others, 1956,
p. 47) was not examined with respect to productivity and yield.
Thus, the relative importance of this arm of the Gaspur zone
with respect to yield is not known. The chemical character of
its water is substantially inferior to that of the Gaspur zone
(Piper, Garrett, and others, 1953, p. 203), and most public-supply
and industrial wells of the area are cased through the tongue fo
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tap one or more of several underlying water-bearing zones of
Pleistocene age which contain water of good quality.

TALBERT WATER-BEARING ZONE

The Talbert water-bearing zone extends continuously from
the Pacific Ocean inland 20 miles to the Santa Ana Canyon. It
ranges in width from a minimum of about 1.2 miles in lower
Santa Ana Canyon to a maximum of about 6 miles between
Garden Grove and Anaheim. In the Santa Ana Gap its average
width is about 2.1 miles. (Poland, Piper, and others, 1956, pl. 7)
Within its full extent, the top of the Talbert water-bearing zone
is from 50 to 90 feet below land surface. In the Santa Ana Gap
south of Talbert Avenue, its top ranges from 50 to 90 feet below
land surface and its thickness ranges from 40 to 100 feet. From
Talbert Avenue inland to Garden Grove, its top ranges from
60 to 90 feet below land surface and its thickness from 70 to 110
feet. Northward to Anaheim, its top is from 60 to 90 feet below
land surface and its thickness ranges from 60 to 100 feet. Be-
yond Anaheim and northeastward into the Santa Ana Canyon,
coarse water-bearing deposits extend continuously from land
surface down to the base of the Talbert zone—that is, to about
150 feet below land surface.

Because the Talbert water-bearing zone is everywhere at shal-
low depth, it is tapped by several hundred water wells. Initially
the zone was saturated from the coast inland into the Santa Ana
Canyon and was tapped by water wells throughout this full
reach. From 1860 to 1890, it sustained many flowing wells from
the coast inland to and about 2 miles beyond Garden Grove
(Mendenhall, 1905a, pls 6, 7), owing to arelatively impervious
confining bed that extends inland about 8 miles beyond Garden
Grove or about to Highway 101. The area of initial artesian
flow is also the area within which the Talbert zone has remained
saturated through several decades of water use. Inland from
a line between Anaheim and Orange, the water table fell many
tens of feet between 1890 and 1930 and has remained below the
Talbert zone almost continuously since 1930. In this inland area
the Talbert zone attains its coarsest texture and probably its
highest permeability, and transmits large quantities of water
from the Santa Ana River to underlying aquifers and to its
downstream reach. However, since about 1930 it has been
largely unwatered and has yielded almost no water to wells.

The Talbert zone is highly permeable throughout, but its
permeability diminishes substantially toward the coast. This is
shown by the data of table 8.
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TaBLE 8.—Yveld characteristics of eight wells withdrawing from the Talbert water-
bearing zone

! Water-yielding zone or zones
Well Depth |
(feet) Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down capacityf| factor!
(feet) (feet) (feet) |
i I ¢
410-27F1______ .. ... . 185 90-139 40 ‘ 760 4 190 475
P27, & 152 110-145 35 435 3.5 124 354
32A1.. I 149 110-148 38, 695 ‘ 4.5 154 406
5/11-12A1______ JO 150 |- | . 730 6 122 (...
6/10- 8D5__ __ 279 218-212 42 | 1,060 ! 13 82, 194
18C1.. 196 95-136 41 820 ! 18 46 112
18C2. LT 190 95-140 45 90| 15 | 65 144
6/11- 13J1.._ ... . 150 || 480 | 13 l 37 |

t For definition see table 7.
2 Taps 10 ft of Pleistocene water-bearing material also.

Of the eight wells included in table 8, Nos. 4/10-27F1, 28A2,
and 32A1 are about 1 mile north of Garden Grove and 11 miles
inland from the ocean; the average of their yield factors is 412.
Wells 6/10-8D5, 18C1, and 18C2 are in the Santa Ana Gap and
about 2 miles from the ocean; the average of their yield factors
is 150. These two averages suggest that the permeability of the
Talbert water-bearing zone in the reach between Garden Grove
and Anaheim is about three times its permeability in the Santa
Ana Gap. Such a difference in permeability is compatible with
the known texture of the materials—coarse and well-sorted gravel
in the vicinity of Garden Grove but finer and more heterogeneous
gravel and sand in the Santa Ana Gap. It is believed likely that
from Anaheim northeastward into the Santa Ana Canyon the
permeability of the Talbert water-bearing zone is substantially
greater than in the vicinity of Garden Grove and greater than any
shown by the data of table 8. Available data (tables 7 and 8)
suggest that, at least near the coast, the Talbert and Gaspur
water-bearing zones have permeabilities of about the same order
of magnitude.

The Talbert water-bearing zone yields freely to many hundred
wells for agricultural, municipal, and domestic uses. Initially,
withdrawal for irrigation supply was made from wells less than
half a mile from the ocean but, owing to deterioration of water
quality in the Santa Ana Gap from 1930 to 1945 (inland about
to Atlanta Avenue), all these particular wells near the ocean
have been abandoned. In this area of deterioration, only 10 wells
withdrew appreciable quantities of water from the zone in 1944.

From Atlanta Avenue in the Santa Ana Gap (at Atlanta
Avenue) inland to Highway 101, about 11 miles along the axis
of the Talbert zone, yearly withdrawal of ground water has been
reasonably constant from 1935 to 1945. This is the reach be-
tween the coastal area of water now contaminated and the inland
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area now unwatered. Within a mile-wide strip of this reach, 89
percent of the 122 wells of known depth are not more than 200
feet deep; most of these wells draw water solely or chiefly from
the Talbert zone. For 30 wells that draw solely or chiefly from
the Talbert zone, yields are known from tests by the Orange
County Flood Control District, by J. R. Tavernetti and M. R.
Huberty of the University of California, by the Southern Cal-
ifornia Edison Co., and by the Geological Survey; the average of
these yields is 713 gpm to the well. Yields are known also for
67 wells drawing water from both the Talbert and underlying
aquifers within this same area; the average of these yields is
691 gpm to the well. Because these two averages are about
equal, and because the casings of the deeper wells commonly are
perforated both in the Talbert and in underlying zones, it seems
conservative to assume that within the 11-mile reach from
Atlanta Avenue inland to Highway 101, the Talbert zone sustains
at least 75 percent of the over-all draft as of 1945.

In this reach, in which its water is utilized currently, the
Talbert zone underlies about 37 square miles, of which virtually
all is intensively cultivated. As of 1932, about the inland half
of the acreage was planted to orange groves and the coastal half
to garden and field crops (Calif. Div. Water Resources, 1933,
pl. A) ; there has been little change in crop distribution since that
time. Because the area is so extensively cultivated by irrigation
from wells, it is estimated that the average yearly ground-water
withdrawal is about 35,000 acre-feet, equivalent to an average
duty of water of about 1.6 feet a year on 90 percent of the 37
square miles. Thus, if from 75 to 80 percent of the water pumped
from wells in this 37-square-mile area is withdrawn from the
Talbert zone, as appears reasonable from the distribution of well
depths previously summarized, the average yearly draft from the
zone for irrigation and for domestic use probably ranges from
25,000 to 28,000 acre-feet. As of 1941, an additional 3,340
acre-feet of water was exported from the zone in Santa Ana Gap
from the well fields of the Laguna Beach County Water District,
the city of Newport Beach, the Fairview Farms Water Co., and
the Newport Mesa Irrigation District. Therefore, it appears
that in the late thirties and early forties the maximum yearly
withdrawal from the Talbert zone for all purposes was about
30,000 acre-feet, and that the average yearly draft can be con-
servatively estimated as to range from 25,000 to 30,000 acre-feet.

“EIGHTY-FOOT GRAVEL”

The thin water-bearing zone known as the “80-foot gravel”
underlies the Bolsa Gap and is in hydraulic continuity with the
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Talbert water-bearing zone to the northeast. (Poland, Piper,
and others, 1956, p. 45, pls. 5, 7). Its average length from the
coast to its juncture with the Talbert zone near Midway City
is 6 miles, its average width is 1.5 miles in the Bolsa Gap and 2
miles near Midway City, and its over-all extent is about 10 square
miles.

1In the vicinity of Midway City and Westminster, the top of the
“80-foot gravel” is from 80 to 100 feet below land surface and
the zone ranges from 15 to 30 feet in thickness; in the Bolsa Gap
its top is 50 to 70 feet below land surface and it ranges from 10
to 80 feet in thickness. Thus, because the zone is shallow through-
out, it is tapped by many water wells for irrigation and domestic
use. ,
About 200 water wells were active within the extent of the
“80-foot gravel” at the time of field canvass by the Geological
Survey early in 1941. Of these, 90 had turbine or centrifugal
pumps in 1941 and were used for irrigation. Of these 90 wells,
44 are known or inferred to draw water exclusively from the
“80-foot gravel,” and 43 tap the underlying San Pedro formation
of Pleistocene age. For three wells no information is available
with respect to the water-bearing zone or zones tapped. For the
area of about 10 square miles underlain by the “80-foot gravel,”
the map showing irrigated areas as of 1932 (Calif. Div. Water
Resources, 1933, pl. A) indicates that at that time about 7.5
square miles was under irrigation in garden and field crops (a
small part of this area took water for domestic or industrial use).
All supply is from ground-water sources. Because there has
been little if any change in irrigated area from 1932 to 1945, the
average yearly use of ground water on the 7.5 square miles can
be estimated conservatively as about 6,000 acre-feet. About half
the wells used for irrigation tap only the “80-foot gravel” and
some of the deeper wells draw water both from this zone and
from the underlying San Pedro formation. However, many of
the deeper wells tap water-bearing deposits in the San Pedro
formation that in the aggregate are several times as thick as
the “80-foot gravel.” Thus, these wells yield several times as
much water as do many of the wells tapping only the thin “80-
foot gravel.” Therefore, it is estimated that slightly less than
half the water pumped from the area, or about 2,500 acre-feet,
is drawn from the “80-foot gravel.”

SOURCES IN THE DEPOSITS OF PLEISTOCENE AGE IN
LOS ANGELES COUNTY

With respect to a description of sources in that part of the
coastal zone of the Long Beach-Santa Ana area which is in Los
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Angeles County (Poland, Piper, and others, 1956, pl. 3), the
water-bearing deposits of Pleistocene age can be classified into
three groups. In downward succession these are: (1) minor
water-bearing zones in the Palos Verdes sand, in the unnamed
upper Pleistocene deposits, and locally in the uppermost part of the
San Pedro formation; (2) the Silverado water-bearing zone, which
southwest of the Newport-Inglewood structural zone occupies the
central and lower parts of the San Pedro formation, but which
northeast of Signal Hill is chiefly in the central part of that
formation; and (3) the somewhat discontinuous but prolific
water-bearing zones in the basal Pleistocene deposits northeast
of Signal Hill.

MINOR WATER-BEARING ZONES

The Palos Verdes sand, the unnamed upper Pleistocene deposits,
and the part of the San Pedro formation that is above the Silver-
ado water-bearing zone all contain thin and somewhat discon-
tinuous aquifers which yield water to many wells of small capacity
and to a few wells of large capacity. Throughout most of the
coastal part of Los Angeles County here considered, the Palos
Verdes sand, the unnamed upper Pleistocene deposits, and the
upper part of the San Pedro formation together are several hun-
dred feet thick. Thus, beneath the southern part of the Torrance
plain in the general vicinity of Wilmington their thickness is
about 300 feet; northward their thickness increases gradually
to as much as 700 feet in the syncline at the south flank of
Dominguez Hill. Because the top of these deposits forms the
land surface, their thicknesses here given also represent depth
below land surface to their base. Along the crest of the Newport-
Inglewood structural zone these deposits range commonly from
50 to 250 feet in thickness; along the inland flank of that struc-
tural zone—that is, along a line about through Compton and Los
Alamitos—they range from 400 to 600 feet in thickness and ex-
tend to almost that depth below land surface. They contain a
succession of gravel layers from 10 to 50 feet thick, interspersed
within material of small average permeability. Locally beneath
the Torrance plain they contain a sand member about 200 feet
thick.

These minor water-bearing zones are tapped by many water
wells widely distributed and of diverse depths. The shallowest
wells include several on the Torrance plain which have a min-
imum depth of 30 feet and which have meager supplies of ground
water in the uppermost Pleistocene deposits, presumably in the
Palos Verdes sand. Within the area here discussed, most of the
domestic or stock wells of small diameter and low yield and the
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wells for small irrigation use draw water from these minor zones,
except where those zones are overlain by the highly prolific Gaspur
water-bearing zone previously described or by other water-bearing
deposits of Recent age.

Table 10 lists the wells active in this part of the Long Beach
area as of 1941-43, and classifies them according to the geologic
age of their water-bearing zones. Of 323 active wells there class-
ified, 104 wells tap undifferentiated Pleistocene deposits; most
of these draw water from the minor zones here treated. Of these
104 wells, 48 were equipped with turbine pumps or with other
pumping equipment of moderately large capacity but 56 were
equipped with plunger pumps and windmills, or other equipment
suggesting light withdrawal. Nearly all the lightly pumped wells
and probably about half of the 48 wells equipped with turbine
pumps draw from the minor water-bearing zones.

Many of the pumps in these wells have capacities of only a few
gallons per minute for domestic or stock purposes, and many of
the zones tapped comprise sand or fine gravel from only a few
feet to 30 feet thick. Thus, many of the wells could not sustain
large yields even if pumping equipment of larger capacity were
to be installed. On the other hand, a few wells tapping the most
prolific of the minor water-bearing zones are equipped with tur-
bine pumps and yield as much as 1,000 gpm for irrigation. For
example, about 4 miles northeast of Signal Hill, well 4/12-4J3
was drilled to a depth of 354 feet and reportedly yields 1,200 gpm
from one of these minor water-bearing zones. Also, well 4/12-14C1
(city of Long Beach, Commission well 5)—which was drilled to
a depth of 324 feet below land surface and perforated from 240 to
260 and 294 to 300 feet in the unnamed upper Pleistocene deposits
or in the uppermost part of the San Pedro formation—has a sus-
tained yield of about 600 gpm, a specific capacity of 10, and a
yield factor of 38. On the average, this well has yielded about
900 acre-feet of water a year from 1935 to 1945. It is probably
the most productive well drawing from the minor water-bearing
zones of Pleistocene age.

From data now available, it is not possible to estimate with
accuracy the over-all yield from wells tapping these minor zones.
However, from the number of active wells and the known facts
concerning pumping equipment and use of water, the aggregate
yearly withdrawal as of 1945 probably is between 2,500 and 3,500
acre-feet.

SILVERADO WATER-BEARING ZONE OF THE SAN PEDRO FORMATION

The Silverado water-bearing zone is the most extensive and
most productive single aquifer in the deposits of Pleistocene age
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in all the Long Beach-Santa Ana area. Its extent, physical char-
acter, and general water-bearing character have been described
in the report on geologic features (Poland, Piper, and others,
1956, p. 69-71, 80-86, pl. 8). Because the Silverado zone was
deposited chiefly along a shoreline or in shallow-marine waters
during and prior to periods of substantial warping and faulting,
the depth of its top below land surface, its thickness, and the
depth to its base now vary widely. The depth to its base and its
thickness have been shown in some detail in the report on geologic
features just cited, but are here summarized in table 9 because
the Silverado water-bearing zone is so important a source of
water in the vicinity of Long Beach.

TABLE 9.—Depth to top and thickness of the Silverado water-bearing zone

Depth to top | Thickness
Place (feet below (feet)

land surface)
Terminal Island, easternpart_ . ________________________ 700 250
Bixby Slough, north side____________________ .. 150 700
Alameda St. and Pacific Coast Highway_________________ 400 400
Wilmington Ave. and Sepulveda Blvd__ ... __.___________ 450 350
Alameda and Carson Sts_.___ .. _________________ 770 450
Main and Carson Sts______._ . ________ 500 200
Dominguez St., 0.5 mile east of Santa Fe Ave____________ 250 380
Dominguez Hlll erest._ . _________. 250 1300
Dominguez Gap, 0.5 mile north of Del Amo St___________ 400 290
Wardlow Rd. and Cherry Ave_________. _________ 300 400
Lakewood Blvd. and Stearns St 120 1620
Atlantic Ave., 0.5 mile south of Artesia St_______________ 620 300
Spring St. near San Gabriel River. ..~ 300 1700

1 Includes one or more partings of silt or clay.

As a nearly uniform body of water-bearing material, the
Silverado zone attains its maximum thickness of about 700 feet
in the vicinity of Bixby Slough. The over-all thickness of the
zone is slightly greater, 715 feet, northeast of Signal Hill at well
4/12-14P1 (Wilson Ranch well, city of Long Beach), but there
it includes layers of silt and clay and the thickness of water-
bearing material within the zone is substantially less than in the
vicinity of Bixby Slough. The known minimum thickness of the
Silverado zone is about 1.5 miles southwest of the crest of
Dominguez Hill at well 4/13-5J1, where only 81 feet of sand and
gravel was tapped.

As described in the report on geologic features (Poland, Piper,
and others, 1956, p. 69, pl. 8) the Silverado water-bearing zone
underlies some 68 square miles in the Long Beach-Santa Ana
area. Almost everywhere within this reach it is tapped by wells
and nowhere is it beyond economic reach of the drill when a well
of large capacity is required. At most places, it is overlain by
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one or more of the minor water-bearing zones previously de-
scribed, but even so nearly all the industrial and municipal wells
of large capacity, and many of the irrigation wells are cased
through these minor zones and draw exclusively from the
Silverado water-bearing zone. Table 10 lists the active wells
within the known extent of the Silverado zone, and classifies them
according to the geologic age of the water-bearing zones they tap.

TaBLE 10.—Geologic classification of 323 among 348 aclive water wells within
known extent of the Silverado waler-bearing zome, as of 1941-43

Municipal, industrial, or irriga- | Domestic or stock wells; lightly
tion wells; heavily pumped, pumped, commonly with
commonly with turbine plunger pump

Geologic classification of pump All
water-yielding zones wells

3 . . . .3 . .
R.[S., R.[8.,, R.|8., R.| Total|8,, R.|8., R.|8,, R.|S,, R.| Total
w. . . 12W. |13 W. .

Recent:

Undifferentiated depeosits._... 41 . ___ 3 3 10 ) O D 2 10 13 23
Gaspur water-bearing zone._|._____ 9 .o 135 4 | ... 2. 35 37 81
Pleistocene:
Undifferentiated deposits._.._ 3 9 24 12 18 24 56 104
Silverado water-bearing zone. 2 6 37 58 | 103 3 3 6 109
Basalzone_..._..__._________|...._.]______ 6 ... e 6
Total .. ... 9 24 70 | 108 211 1 16 23 72 | 12 323

1 Many of these wells are no longer heavily pumped, because much of the Gaspur water-bearing zone is
contaminated in this area.

As shown in table 10 about half the heavily pumped wells draw
from the Silverado water-bearing zone. However, the propor-
tionate draft from that zone is much larger than is indicated by
the percentages of active wells, because the Silverado is the prin-
cipal source of water for the municipal and industrial wells of
the Long Beach area, which are commonly the largest and most
heavily pumped wells of all the area.

Table 11 shows the yield characteristics of 28 wells that draw
from the Silverado water-bearing zone. The table is divided into
two parts, in order to compare the characteristics on opposite
sides of the Newport-Inglewood structural zone.

As table 11 indicates, the wells southwest of the Newport-
Inglewood structural zone generally tap the greater thickness
of sand and gravel, have somewhat the greater yield, and have the
larger specific capacity and yield factor. The data on yield fac-
tors suggest strongly that the Silverado water-bearing zone is
most permeable in the area southwest of the structural zone.
From these yield factors, it is estimated that for the full thickness
of the Silverado water-bearing zone the average field coefficient
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TaBLE 11.—Yveld characteristics of 28 wells withdrawing from the Silverado water-
bearing zone

|
‘ Water-yielding zone or zones

|

Well i Depth

1 (feet) l Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down | capacity | factor !
(feet) I (feet) (feet)
| i
Wells southwest of (coastward from) Newport-Inglewood structural zone

483-785 302 1,270 | oo ]eie e
765-990 235 2,000 14.5 138 59
466-571 106 1,080 || |emeeiaaas
440-731 291 1, 450 5 200 100
410-645 235 1, 200 18 67 29
412-810 308 2,400 18. 4 130 33
266-800 534 3,000 12 250 47
435-825 390 2,000 |||l
216-492 276 2, 900 28 104 38
230-655 425 4, 000 10 400 94
675-822 1, 40
669-800 X 100
17
43
55
48
47
74
68
69
49
28
12
21
23
37
31
11
31
Averages. ..o | 200 1,756 30 72 40

! Includes thin aquifer above Silverado water-bearing zone.

2 Excluded from average.

3 Casing perforated for only 26 ft within this interval.

4 Reported initial artesian fiow in 1915.
of permeability 8 is about 1,000 to 2,000 for the area southwest of
the structural zone and is about 800 to 1,600 for the area north-
east of the structural zone. It is wholly probable that the most
permeable layers of gravel within the Silverado zone may have
coefficients of permeability as much as 10 or even 20 times greater
than the average coefficient for the whole zone.

It is estimated that as of 1941 the withdrawal from the

Silverado water-bearing zone on the southwest or coastal side of
the Newport-Inglewood structural zone was about 19,000 acre-

8 The fleld coefficient of permeability, Py, is defined as the number of gallons of water per
day that percolates under prevailing conditions through each mile of water-bearing bed under
investigation (measured at right angles to the direction of fiow) for each foot of thickness
of the bed and for each foot per mile of hydraulic gradient. For a more complete discussion
of this subject see Wenzel (1942).
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feet per year within the area described in the report on geologic
features. (Poland, Piper, and others, 1956, pl. 8) This with-
drawal is largely by industrial plants and by the Dominguez
Water Corp. and is metered in large part. Accordingly, the writers
believe that the foregoing estimate of aggregate withdrawal is
correct within 10 percent plus or minus.

For the area inland from the Newport-Inglewood structural
zone and within the area of the report on geologic features, the
withdrawal from the Silverado water-bearing zone cannot be
estimated as closely from information available. Thus, the with-
drawal by wells of the cities of Long Beach and Signal Hill in
1941 was about 11,000 acre-feet; in addition, there is considerable
agricultural use but little industrial use. The withdrawal for all
purposes is estimated to have been about 16,000 acre-feet a year
as of 1941.

Thus, the total of withdrawal from the Silverado zone as here
discussed is estimated to have been from 30,000 to 35,000 acre-
feet a year from the late thirties through 1941. From 1941
through 1944, industrial expansion west of Long Beach and
southwest of the Newport-Inglewood structural zone increased
the draft on the Silverado about 9,000 acre-feet a year—that is,
to 28,000 acre-feet in that district. Inland from the structural
zone, however, withdrawal from the Silverado increased much less.

WATER-BEARING ZONE IN THE BASAL PART OF THE
SAN PEDRO FORMATION

In the area northeast of Signal Hill, the Silverado water-bearing
zone is underlain by water-bearing deposits of early Pleistocene
age (Poland, Piper, and others, 1956, p. 71, pl. 4, C-C’). Although
deposits of correlative age occur locally on the north and east
flanks of the Palos Verdes Hills and locally beneath Landing
Hill (Timms Point silt and Lomita marl members of the San
Pedro formation), these correlative deposits do not contain layers
of ecoarse and highly permeable gravel.

So far as known, the water-bearing zone in these basal deposits
northeast of Signal Hill has been tapped by only 15 wells. All
these wells are within an area of about 25 square miles which
is bounded on the east by the San Gabriel River, on the west
by the Los Angeles River, on the southwest by the Signal Hill
uplift, and on the northeast by a line about through Compton and
Los Alamitos. Table 12 shows characteristics of these wells.

The Development, Citizens, and Alamitos well fields of the city
of Long Beach all are located about a mile inland from the crest
of the Signal Hill uplift. In each field three wells have tapped
this basal water-bearing zone, whose top was reached between



45

PRINCIPAL SOURCES OF THE WATER WITHDRAWN

sqO a | sI9p[noq pue pusg | 18 086 0101 16 Tttt Tt mmeeheequp) ARUNo) BlUIsNA T T IR
,,,,,,,,,,,, 194813 3sIBO)) | ¥ 820 ‘T
- mm....@ﬁm%m% pues | ¢ 10T
sq0 ad Il IRAR o w_@@. mm.. WMW PILT - LM | TUTTTTOPTTTTUNTT T TTTUOLHSS
........... [0A®BI3 puB puesg | 9 998
Sd HHHHH:_W%EMM o850 | 09 0Lg
sd mm .......... w:..m-:_%:.c: mﬂ mmm w 286 ¢ | 8 19M RS R Tt T TogHSg
T S 29 980T |
sd (T O T 281 08 PBT - 6 [[0M SOHWIBLY |~~~"""77 yoeog 8uory jo £110 THSZ
TTTTTTTTTTIeARId pue pueg | 8] LI | T T S A
uy qq | TTTTTTTTrroptttt 2] 196 $I0°T A e A 0p pueT Aqxig 12
.................... op™-TTT| 28 49
8d RS N pires pus onet | b g Nav1 e 9 10M op PIZ
. T o
,,,,,,,,,,,,,,,,,, 4 ‘ i, )
sd [ N { (RN — op- - 0 318 901 ‘1 L8 LTPM op 31444
............. 19A®I3 9sI80) | IS czL
sq0 ad | T pues pue pARLY | 887 06 g1 1 g e P [OM SUAZIYLD |7 (2] R I
........... [9A®I3 pPUE pUBg | 88 2.6
ad IITTIIIITPUeS pus PARID | 19 6a8
8d SRR et 41 e 90T | T 1 S L 190
sd * ..................... op™"-- 08 0gy
TTTTTT TURaeis pue pueg | gl obe T AT R A
v ad T dbaely | 696 L10°1 gg | [1C7" N R op 1aoz
8d | pes chep ety | g e Hwor | S+ ot op (s JuewIdoeARq [+ R oL
.......................... .
sd ad A ........ pues pus _wwﬁc mma % w v 0021 - 2 YOUBY UOS[IM (~TTTTTTTITTITTII I p |t e 1d¥L
T 88 09¢ 1
sd (T G | IS roaead semos | o el Hser e 1 [0A UoSS{uIIIogy |~~~ 777 yowog FUOT Jo A0 [T 1ast
..................... op~ 7| 41 192 ‘T
v ad | DuEs pue [PARLY) | 371 ge8 186 S 9T IPM |- T 00 PUBT BUBJUORY | =~ 7777 Z718
sd qd |77 4ep pus ‘puss ‘PARID | F61 096 0911 ¥ “TTUp [1eM yoedq SuoT idoN |TTTTTTUUT goeag Buory Jo Ay | T 1319 -21/%
u0z (399)) (199))
Surprard [BLIgJBUI JO 13J0BIBIYD SSOU doj) 03 (399))
-lajem Py | oyded | (399)) [949]
as) Jo uoyp? q)de( [ess eaoqe uofyeusISep 1820 JUBUI} JO JOUMQ M
-gog1ssed ‘apnyNy
o130100D) SAUO0Z 10 U0z SUTP[ATA-10)B M

‘Arddns anqnd ‘g ‘Uo1}BAINSqO ‘sq ‘UOIIBSLLI] ‘AI] {pauOpUBQR ‘Y 98}
*s91s0dap AUA00ISIAJ [BSBq UI 0U0z SULIBAQ-I9JBM ‘qJ ‘9U0Z SUTIBOQ-I9JBM OPBIFAJIS ‘SJ :9U0Z IUIP[aj4-10J8M
‘sdeur o1ydeldodo) wody AyaIyo ‘e0BLMS pUBT PPNV

1H oubig fo 1809yp0u uoLDULIOf 04poJ UDS 2y] fo und [DsDQ UL FU0Z burinaq-sapom BurddDy )P M — T A1AV],



46 HYDROLOGY, LONG BEACH—SANTA ANA AREA

814 and 959 feet below land surface in the Development field,
between 725 and 790 feet in the Citizens field, and between 756
and 866 feet in the Alamitos field. Three miles northeast, at well
4/12-14D1 (Commission well 1), its top was 1,361 feet below land
surface. Thus, in the reach where tapped by wells the top of the
zone dips 2-3° NE.

The thickness of the basal part of the San Pedro formation,
which contains this water-bearing zone, increases northeast-
ward—specifically, from about 250 feet at the Citizens well field
to about 500 feet near Carson Street (Poland, Piper, and others,
1956, pl. 4, C-C’). The aggregate thickness of water-bearing
materials in this basal part ranges about from 100 to 300 feet, and
in general increases to the northeast also.

Although not now known to be tapped by wells beyond the area
here described, this water-bearing zone in the basal part of the
San Pedro formation may extend northwest to the vicinity of
Compton and southeast for several miles into Orange County.
Thus, along the inland flank of the Newport-Inglewood struc-
tural zone it may be within economic reach of the drill for many
miles beyond the area within which it is now tapped. The top
of this basal water-bearing zone doubtless continues to dip inland
or northeastward to the synclinal axis beneath the central part
of the Downey plain. Accordingly, the top of the zone is inferred
to be at least 2,000 feet below sea level in the vicinity of Artesia
and Bellflower and it is doubted that the zone will be tapped by
many wells inland from the area of present development.

Of the 10 wells listed in table 12 as currently active, 9 are
public-supply wells of the city of Long Beach. Among these,
however, wells 4/12-17Q1 and 21M4 draw largely from the
Silverado water-bearing zone and only in very small part from
the underlying basal zone. Also, well 20G1 as of 1945 is inacces-
sible beneath pavement at the airport and has not been pumped
since 1940. Thus, except for withdrawal by irrigation well
4/12-22J1, the basal water-bearing zone of the San Pedro for-
mation now yields water chiefly to six public-supply wells of the
city of Long Beach. Table 13 shows the productivity of these
wells.

Disregarding that of well 4/12-21M2, which is anomalous in
magnitude, the yield factors of table 13 suggest that the average
permeability of the water-bearing zone in the basal part of the
San Pedro formation is about half that of the overlying Silverado
water-bearing zone, and that the average field coefficient of per-
meability is about 400 to 800 (table 11, also definition of field
permeability, p. 43).
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TaBLE 13.—Yield characteristics of six wells withdrawing water from the basal
water-bearing zone of the San Pedro formation northeast of Signal Hill

Water-yielding zone or zones
Well Depth .
(feet) Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down | capacity | factor!
(feet) (feet) (feet)

960-1, 154 194 1,720 31 55 28
1, 361-1, 655 168 1, 590 57 28 17
1,024-1, 354 312 1,850 22 84 27
725-962 204 21,210 212 2100 2106
756-1, 148 212 2,190 38 58 27
515-978 307 2,150 50 43 14
____________ 239 1, 900 40 54 23

t For definition, see table 7.
2 Excluded from average.

During the past few years, nearly half the yearly withdrawal of
ground water by the city of Long Beach has been drawn from the
basal water-bearing zone of the San Pedro formation by the six
wells of the foregoing table. Table 14 shows the distribution of
this withdrawal among the several wells.

TaBLE 14.—Withdrawal, in acre-feet, from the basal water-bearing zone of the San
Pedro formation by wells of the city of Long Beach

Designatlon of well Year
Geological Survey City of Long Beach 1940 1941 1942 1943 1944

412- 6K1__________. North Long Beach well4. .. 2,340 2, 462 2,407 2,370 2, 261
14D1_. .-| Commissionwell 1____._______. 2, 495 2,250 2,379 2, 402 2,377
14P1__ Wilson Ranch well... 2,064 1,954 1,932 2,280 2,150
21M2__ Citizens well 7___ 596 814 556 367 337
28H1._ . Alamitos well 9 713 1,089 1,323 2,125 1,716
28H6. . Well 81__ 702 570 1,715 1,304 1, 6056
Total . ... ... ... 8,910 9,139 10, 312 10, 848 10, 446

! Probably about half of withdrawal is from Silverado water-bearing zone but approximately offset by
withdrawal from basal zone of the Pleistocene by wells 4/12-21M4 and 17Q1, which are not listed in table.
In addition to the withdrawal by these six public-supply wells,
water has been drawn from the basal water-bearing zone in the
San Pedro formation by well 4/12-22J1 for irrigation since the
summer of 1941. Therefore, it is estimated that the over-all with-
drawal from this basal zone was about 9,000 acre-feet in 1941
and averaged about 11,000 acre-feet a year in 1943-44.

With respect to withdrawal from and replenishment to this
water-bearing zone of the basal San Pedro formation, recurrent
chemical analyses of the water withdrawn by the public-supply
wells at Long Beach indicate that, beginning about in 1934, a large
volume of water has moved downward from the Silverado water-
bearing zone into the basal zone of the San Pedro, and that this
movement has taken place through the deep public-supply wells
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that tap both these water-bearing zones. The chemical evidence
is discussed elsewhere (Piper, Garrett, and others, 1953, p.
45-49). Pertinent and confirmatory hydrologic evidence is given
on pages 99 to 101.

WATER-BEARING ZONES OF THE INLAND AREA

Inland from the coastal zone of the Long Beach-Santa Ana area
the ground-water supplies of Los Angeles County are drawn
almost exclusively from deposits of Pleistocene age, except those
drawn from the Gaspur water-bearing zone and its minor tongue
to the west, as discussed previously. The top of these Pleistocene
deposits is believed to be within 100 feet of land surface every-
~ where except within the reach of the Gaspur water-bearing zone,
and there to be from 150 to 175 feet below land surface. The thick-
ness of these deposits ranges about from 1,200 to 2,000 feet along
the inner margin of the coastal zone, increases to at least 3,000
feet beneath the central part of the Downey plain in the vicinity
of Artesia, Bellflower, and Downey, and then decreases north-
ward to a featheredge along the south flank of the Elysian, Re-
petto, and Puente Hills (Eckis, 1934, pl. B).

These deposits of Pleistocene age are tapped by wells through-
out this inland area. In the central part of the Downey plain, from
Downey to Artesia, the deeper wells reach from 800 to as much
as 1,755 feet below land surface but tap only about the upper one-
third to one-half of the Pleistocene water-bearing deposits, which
there are thickest. To the northwest, in the vicinity of Hunting-
ton Park, the deeper wells reach from 1,000 to 1,600 feet below
land surface and, by inference from general knowledge of the
geologic structure, are believed to tap nearly the full thickness of
the Pleistocene deposits of that area. To the northeast, along
the flanks of the Elysian and Repetto Hills and on the Coyote
Hills uplift, virtually the full thickness of these deposits is tapped
by wells of which some probably enter underlying rocks of
Tertiary age.

Throughout this inland area, the Pleistocene deposits tapped
by wells are chiefly of continental or lagoonal origin, and so com-
monly include elongate lenses and tongues of sand and gravel
radiating in a general seaward direction from the apexes of
buried alluvial fans. These tongues afford the highly permeable
materials that sustain wells of large capacity, but extensively
they are embedded in materials of finer texture whose permeability
is believed to be relatively low. (Poland, Piper, and others, 1956,
p-83)
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Most wells that tap these water-bearing zones in the Pleisto-
cene deposits yield from 400 to 1,000 gpm; a very few yield more
than 1,500 gpm.

It is estimated that in 1941 the withdrawal of water from these
Pleistocene deposits ranged from 100,000 to 110,000 acre-feet—
that is, slightly more than twice that withdrawn from all aquifers
of Pleistocene age in the coastal zone of the county. Of this
volume, about 14 percent was withdrawn by municipalities, 20
percent by industries, and the remainder by water companies and
by private plants for agricultural and some domestic use.

SOURCES IN THE DEPOSITS OF PLEISTOCENE AGE IN
ORANGE COUNTY

In the part of the coastal zone of the Long Beach-Santa Ana
area which is in Orange County the water-bearing deposits of
Pleistocene age are heterogeneous and thus do not occur in a
reasonably distinet vertical zonation as in Los Angeles County to
the west. Therefore, with respect to a description of sources of
water, these deposits can be described most effectively by geo-
graphic areas in eastward progression as follows: (1) dispersed
water-bearing zones between the San Gabriel River and Hunting-
ton Beach Mesa; (2) water-bearing zones of Huntington Beach
Mesa; and (3) principal water-bearing zone of Newport Mesa. In
Orange County there is no known correlative of the water-bearing
zones that occur in the basal part of the Pleistocene northeast of
Signal Hill.

DISPERSED WATER-BEARING ZONES BETWEEN THE SAN GABRIEL
RIVER AND HUNTINGTON BEACH MESA

The heterogeneous physical character of the Pleistocene de-
posits in the reach between the San Gabriel River and Huntington
Beach Mesa has been discussed elsewhere (Poland, Piper, and
others, 1956, p. 71). It is inferred from general stratigraphic
and structural relations that here the Pleistocene deposits are
almost exclusively of the San Pedro formation of early Pleistocene
age, although no satisfactory lithologic or faunal basis has been
established for diseriminating this formation from the late
Pleistocene deposits.

These deposits of Pleistocene age occur as a wedge which thick-
ens inland from the Newport-Inglewood structural zone, and whose
top is at land surface on Landing Hill and on Bolsa Chica Mesa
and probably not more than 100 feet below land surface through-
out the remainder of this area. The base of the wedge ranges in
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depth from 500 to 900 feet below land surface along the Newport-
Inglewood zone and dips gently northeastward to the inland edge
of the coastal zone, where it is about from 1,200 to 1,800 feet below
land surface.

The layers of sand and gravel in this wedge commonly are less
than 50 feet thick but locally a single layer may be 200 feet or
more thick. The thicker bodies of sand and gravel are commonly
in the lower half of the San Pedro formation; inland more than
1 to 2 miles from the Newport-Inglewood structural zone, only the
wells of depths exceeding 600 to 900 feet reach these thicker
aquifers. Along the inland edge of the coastal zone, between Los
Alamitos and Westminster, only a very few water wells are more
than 1,000 feet deep and none are more than 1,200 feet deep.
Thus, here the lower one-third to one-half of the San Pedro for-
mation is not tapped by water wells. However, inland occurrence
of aquifers in the lower part of the San Pedro formation is indi-
cated by the electric logs of random oil-test holes.

These Pleistocene deposits are tapped by many wells. The
canvass of wells, which was made as part of this investigation
shows that there are about 500 wells with deep-well turbines or
centrifugal pumps in the part of the coastal zone in Orange
County. A large proportion of these are pumped rather heavily
for irrigation, about 40 are public-supply wells, and a few are
industrial wells. About 200 of these wells are in the part of the
area here discussed and of these, about 140 draw water from the
Pleistocene deposits. These wells that draw water from the
Pleistocene commonly are from 400 to 800 feet deep, they are
much more costly than the shallow wells that tap the “80-foot
gravel” of the same area (see p. 38), and commonly they have
greater yields. Commonly they are more widely spaced and are
used to irrigate more land. It is estimated that slightly more than
three-quarters of the withdrawal in the area between the San
Gabriel River and Huntington Beach Mesa is from the deposits
of Pleistocene age. From all water-bearing deposits within the
coastal zone in Orange County the withdrawal is estimated to be
about 25,000 acre-feet per year. Of this total, it is believed that
about half—12,500 acre-feet—is taken from wells in the area
between the San Gabriel River and Huntington Beach Mesa.
Probably about 10,000 acre-feet of this latter volume is from the
Pleistocene deposits of this area.

Table 15 shows the productivity of 13 wells that draw water
exclusively or chiefly from the aquifers of Pleistocene age in this
area, and for which fairly complete data are available.
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TaBLE 15.—Yield characteristics of 13 wells withdrawing water from the deposits of
Pleistocene age between the San Gabriel River and Huntingion Beach Mesa

Water-yielding zone or zones
Well Depth
(feet) Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down | capacity | factor!
(feet) (feet) (feet)

1,001 432-530 60 790 22.5 35 59
710 381-402 15 785 87 9 60
483 388-408 20 1,020 59 17 86
438 387-432 45 390 6 65 144
40 | ... s 450 12 38 |
525 .. ) . 480 9 53 |-
796 212-406 102 600 11 55 54
915 633-870 2117 2 550 220 228 224
895 677-835 158 640 9.6 67 41
201 328-179 94 1,080 |o ool
500 328-500 172 1,100 12 92 53
723 660-709 249 2 500 137 214 228
500 132-360 86 560 28 20 23
Averages. ... ..o |ooaoo oL 84 715 26 45 65

1 For definition, see table 7.
2 Excluded from average; recent test on old well.
3 Probably taps some deposits of Recent age.

WATER-BEARING ZONES OF HUNTINGTON BEACH MESA

In contrast to the irregular and dispersed water-bearing zones of
the area to the northwest, just described, the water-bearing zones
in the Pleistocene deposits beneath Huntington Beach Mesa are
reasonably uniform in hydraulic characteristics and persist be-
neath and possibly beyond the mesa. As discussed in the report
on geologic features (Poland, Piper, and others, 1956, p. 73,
pl. 4, A-A’), the deposits of Pleistocene age contain three water-
bearing zones, of which the uppermost averages about 50 feet in
thickness and which from logs of wells can be traced from the
coast inland some 4 miles, or to Wintersburg Avenue. Along
Main Street its top is not more than 50 feet below land surface
from the shore northward to and beyond Garfield Avenue. Owing
to a substantial eastward dip along Garfield Avenue, its top de-
clines to about 120 feet below land surface at the east edge of the
mesa. To the west the top of the zone rises and crops out along
the edge of the mesa, in the angle between Garfield Avenue and
Edwards Street. Northward from Garfield Avenue, the zone seems
to dip gently northward, so that its top- was reached 160 feet be-
low land surface in well 5/11-23R1, near the intersection of
Wintersburg Avenue and Huntington Beach Boulevard. Here
the zone is about 90 feet thick.

The intermediate one of the three water-bearing zones is also
about 50 feet thick and has the same general easterly dip as the
upper zone, from which it is separated by 60 to 100 feet of silt
or clay. Between the coast and Garfield Avenue, near Main Street,
its top is about 200 feet below land surface. This intermediate
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zone cannot be traced with assurance for more than 0.5 mile
northward from Garfield Avenue, but probably it is tapped by
public-supply wells 5/11-26M1 and 26M2 of the Southern Cali-
fornia Water Co.

The lowest water-bearing zone of the three is about 250 feet
thick, at least beneath the central part of the mesa near the inter-
section of Garfield and Golden West Avenues. Here its top is
about 300 feet below land surface. Southward the zone seems
to thin or finger out and it is largely replaced by silt, as in well
6/11-11E1. From Garfield Avenue it dips northward and at
well 5/11-26P3 its top is 894 feet below land surface. The top
of this same zone presumably was reached in well 5/11-22H1 at
612 feet below land surface. Thus, the zone is believed to extend
at least 3 miles northward from Garfield Avenue.

The upper and intermediate zones are tapped by many water
wells on Huntington Beach Mesa. However, the upper zone has
been contaminated with salt water progressively since the middle
and late twenties (Piper, Garrett, and others, 1953, p. 133). For
this reason some wells have cased off the upper zone and draw
from the intermediate zone only; however, the intermediate zone
also has become somewhat contaminated by salt water so that
several wells which tap one or both of these zones in the central
and southern parts of the mesa have been abandoned.

The deepest zone of the three has been tapped by relatively
few wells, of which most are industrial wells. So far as is known,
this zone is not contaminated (in 1945). Because it is thick and
permeable and is tapped by few wells, it affords a large reserve
source of water for the vicinity of Huntington Beach. However,
because within the area in which the upper zone and probably the
intermediate zone are contaminated, as of 1945, this lower zone
is pierced by several wells which reach and may tap one or both
of those overlying contaminated zones, this thick and potentially
very productive lower zone is in great danger of becoming con-
taminated and even now may be receiving salt water. This
condition is most serious in the central part of the mesa, north of
Garfield Avenue and west of Huntington Beach Boulevard. Here,
at least seven wells tap the lower zone, of which five are known
to be perforated in both the intermediate and the lower zones.
The condition is discussed more fully by Piper, Garrett, and
others (1953, p. 152-154) who stress the urgency of plugging
abandoned wells and possibly of reconstructing some now in use.

Little information is available concerning the yield of wells that
tap these water-bearing deposits on Huntington Beach Mesa.
Well 6/11-2M2 at the Huntington Beach Union High School,
which taps the intermediate zone from 200 to 226 feet below land
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surface, is reported to have yielded 330 gpm with drawdown of
4.4 feet. The indicated specific capacity is 75 and the yield factor
288, which suggests that the water-bearing material is sub-
stantially more permeable than any tapped by the wells listed in
tables 7, 8, 11, 13, and 15. Well 5/11-26P3, which taps the third
and deepest zone from 439 to 577 feet below land surface, re-
portedly produced 450 gpm with a drawdown of 4.5 feet; these
data on performance indicate a specific capacity of 100 and a yield
factor of 72. Although inconclusive, this fragmentary evidence
suggests that the lower of the three water-bearing zones of
Huntington Beach Mesa is fully as permeable as the Silverado
water-bearing zone in Los Angeles County.

The withdrawal from water-bearing zones in the Pleistocene
deposits beneath Huntington Beach Mesa has not been discrimi- -
nated from the over-all withdrawal from Pleistocene deposits in
the coastal zone in Orange County. In 1941 the field canvass listed
39 wells on the mesa which were equipped with turbine pumps. At
least six of these are industrial wells which jointly yield about 400
acre-feet a year, almost exclusively from the lower zone. Most of
the additional use is for irrigation. Probably not more than 1,500
acre-feet of water is pumped yearly for all purposes from wells on
the mesa, although beyond the mesa to the north and west a sub-
stantial quantity may be withdrawn from extensions of the three
zones here described.

PRINCIPAL WATER-BEARING ZONE OF NEWPORT MESA

Beneath the north half of Newport Mesa many of the deeper
water wells tap a persistent water-bearing zone within the San
Pedro formation. The physical character and general extent of
this water-bearing zone have been described elsewhere (Poland,
Piper, and others, 1956, p. 74-75, pl. 4, D-D’).

The depth to the top of this zone varies widely. At the head of
Newport Bay, the upper part of the zone is believed to crop out
(Poland, Piper, and others, 1956, p. 64, 74, pl. 8). Inland 1.2 miles
from the head of the bay this zone was reached in well 6/10-11B2
at a depth of 236 feet and here is about 300 feet thick. About 2
miles from the bay and 700 feet north of Baker Street, in well
6/10-1E2, the top of this principal zone is 425 feet below land sur-
face and the zone is at least 521 feet thick. About 2.4 miles still
farther north (inland), near the intersection of Delhi Road and
Main Street, well 5/10-25A2 tapped sand and gravel from 1,065 to
1,197 feet below land surface; this body of sand and gravel prob-
ably is an extension of the principal water-bearing zone of New-
port Mesa.
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In the northeastern part of the mesa and east of Newport Boule-
vard this principal zone is tapped by the wells of the Newport
Heights Irrigation District in block 6 of the Irvine tract. The top
is about 300 feet below land surface and it is about 300 feet thick.
To the west, near the intersection of Harbor Boulevard and Baker
Street, the top at well 6/10-3LI is 386 feet below land surface and
its thickness is at least 166 feet.

As exposed at the head of Newport Bay, the outcropping layers
of sand and gravel which are inferred to constitute this principal
water-bearing zone are semiconsolidated at least at land surface.
To the extent that these layers are permeable at the outcrop, they
offer an avenue for possible encroachment of salt water down the
dip from Newport Bay northward toward the area in which the
water-bearing zone is tapped by wells. The outcrop area is of
small extent and seemingly of low permeability.

Within about the northern third of Newport Mesa—specifically,
north of the inferred fault which passes northwestward through
the center of sec. 10 (pl. 1) —this principal water-bearing zone is
tapped by at least 23 wells equipped with turbine pumps. Several
additional wells of unknown depth also may tap the zone, as is in-
ferred from the chemical quality of the water yielded or from the
absence of any known substantial aquifer at shallower depth.
North of the inferred fault and west of Harbor Boulevard—in sec.
4, T.68., R.10 W. and in sec. 33, T. 5 S., R. 10 W.—several irriga-
tion wells of large diameter may tap the principal water-bearing
zone but neither depths nor logs of these wells are available to con-
firm this inference. As has been mentioned, this principal zone is
believed to be tapped by wells northward beyond Newport Mesa, to
the vicinity of Santa Ana Gardens. The zone may extend beneath
the city of Santa Ana but there its top would be about 1,600 feet
below land surface—a depth commonly considered as beyond eco-
nomic limits for irrigation wells but not necessarily so for public-
supply wells. Thus, the principal water-bearing zone of Newport
Mesa now is tapped within an area about 4 miles wide, which ex-
tends inland for about 4 miles from the inferred fault—that is, to
and beyond the inland edge of the mesa or about to Santa Ana
Gardens. Doubtless additional wells will be drilled to the zone
within or near this area ; still farther inland, however, the depth to
the zone is so great that probably few wells will be drilled.

South of the inferred fault only well 6/10-9B1 draws water from
the Pleistocene deposits. It is doubtful whether this well, which is
reported 380 feet deep, taps the principal zone of Newport Mesa.
Within the past 70 years several other water wells have been drilled
south of the inferred fault but all have tapped water of inferior
quality and all are now unused. The chemical character of the
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water tapped by one of these unused wells, 6,/10-10D3, is described
in the reports on geologic features and on chemical character of the
ground waters (Piper, Garrett, and others, 1953, p. 258; Poland,
Piper, and others, 1956, p. 104).

Table 16 presents available data on the yield of wells tapping
this principal water-bearing zone on Newport Mesa. The five wells
of this table have large capacities and the average of their yields
doubtless is substantially larger than the average for all wells that
draw water from the zone. However, the yield factors of table 16
are believed to be representative.

Table 16.—Yield characteristics of five wells withdrawing from the principal water-
bearing zone of Newport Mesa

Water-yielding zone or zones

Well Depth
(feet) Depth Thick- Yield Draw- | Specific Yield
range ness (gpm) down | capacity | factor!
(feet) (feet) (feet)

365 2, 250 21 107 2

88 900 12 75 85

97 800 2 a8 39

141 1,360 27 51 36

205 2,240 22 102 50
__________ 990 16 62

179 1,423 20 73 48

1 For definition, see table 7.

The data of table 16 and of table 11 suggest that the average per-
meability of the principal water-bearing zone of Newport Mesa is
about the same magnitude as that of the Silverado water-bearing
zone on the inland side of the Newport-Inglewood structural zone
in Los Angeles County.

As of 1941, about 2,000 acre-feet of water was being withdrawn
yearly from this principal water-bearing zone underlying Newport
Mesa by the wells of the three largest users—the Newport Heights
Irrigation District, the Santa Ana Heights Water Co., and the
Golden West Ranch. Probably at least 8,000 acre-feet per year was
being withdrawn from the zone by all users on the mesa at that
time. Information which is in part confidential indicates that after
1941 the over-all use may have increased as much as one-third
owing to new activities related to the war.

WATER-BEARING ZONES OF THE INLAND AREA

In Orange County inland from the coastal zone, ground water is
withdrawn almost exclusively from deposits of Pleistocene age,
except within the extent of the Talbert water-bearing zone of Re-
cent age. The top of these Pleistocene deposits probably is less
than 100 feet below land surface everywhere except within the
reach of the Talbert zone, where it is from 130 to 175 feet below
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land surface. The base of the deposits is from 1,200 to 2,000 feet
below land surface along the inland edge of the coastal zone, prob-
ably increases to slightly more than 3,000 feet beneath the central
part of the Downey plain (along a line through Cypress, Stanton,
Garden Grove, and Santa Ana), and remains about 3,000 feet
below land surface from Anaheim to Buena Park. Still farther
inland the deposits thin to a featheredge on the crest of the West
Coyote Hills and along the south flank of the Puente Hills. South-
eastward from Santa Ana, in a lobe underlying the Irvine tract, the
base of these deposits rises steeply and is only a few hundred feet
below land surface at Irvine.

These water-bearing deposits of Pleistocene age are tapped by
wells almost throughout this inland area. With few exceptions
these wells range in depth from about 150 to 1,100 feet and, except
within the area underlain by the Talbert water-bearing zone, range
from 200 to 800 feet for most wells. Thus, because these deposits
of Pleistocene age are more than 2,000 feet thick throughout most
of this inland area and as much as 3,000 feet thick over about a
third of the area, not more than a quarter to a third of the potential
water-yielding beds are tapped commonly by existing wells. How-
ever, water-bearing zones more than about 1,500 feet below land
surface commonly are not considered within economic reach, espe-
cially for irrigation wells. For wells exceeding 1,000 feet in depth,
the cost of construction doubtless would increase more rapidly than
the yield per unit depth of penetration. Therefore, the lower half
of these deposits in much of this inland area probably will not be
tapped by many water wells.

In physical character the Pleistocene deposits of the inland area
of Orange County as now tapped by wells are similar to those of
the inland area of Los Angeles County. They are largely of alluvial
origin, but in minor part, of lagoonal origin ; only a few tongues of
marine sediments have been tapped. The deposits consist mainly
of silt and clay, enclosing lenses and tongues of coarse sand and
gravel; these coarse materials are the deposits of ancient stream
channels and are the source of water for wells of substantial yield.
Near the central part of the Downey plain, the deeper wells com-
monly reach successive water-bearing zones that in the aggregate
occupy from 10 to 30 percent of the footage tapped. Farther in-
land, however, in the vicinity of Anaheim the water-bearing mate-
rials occupy from 60 to 80 percent of the footage tapped by wells
between 8300 and 400 feet deep, and from 30 to 50 percent of the
footage tapped by several wells more than 1,000 feet deep.

As previously mentioned, the yield of wells tapping these Pleis-
tocene deposits ranges from a few hundred to more than 3,000 gpm
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(see p. 830). For the area as a whole, it is estimated that the
average yield is about 600 to 800 gpm.

Because the present investigation is concerned basically with
ground-water conditions in the coastal zone, extensive data on the
yield of wells in the inland zone have not been collected. However,
data on yield characteristics are given in table 17 for five of the
public-supply wells of the city of Santa Ana, located some 6 miles
inland beyond Newport Mesa. The deposits tapped by these wells
are believed to be largely of late Pleistocene age.

Table 17.—Yield characteristics of five public-supply wells of the city of Santa Ana

Water-yielding zone or zones
Well Depth
(feet) Depth Thick- | Yield! Draw- | Specific Yield
range ness (gpm) down ! | capacity | factor ?
(feet) (feet) (feet)

466 | 330456 54 1,170 11.5 102 188
1,100 | 910-1,090 54 1,235 30.5 40 75
- 060 | 432-905 42+ 1,360 13.5 100 240
L) N I (R 1,160 11.5 101 | ...
18C .. 1,140 | 214-1,048 70+ 2,200 17.5 126 180
Averages. ... . |ooociiio|oiiiiiiaii 55+ 1,425 17 94 171

; %&eﬁzgﬁe;ﬁgg:, gg.g:;‘:gl;; g?sts in May and October 1840.

The average of the four yield factors in table 17 is 171 gpm per
foot of drawdown per foot thickness of water-yielding material;
this average is about three times that for the water-bearing mate-
rials of Pleistocene age in the coastal zone (table 16). However,
the logs of these public-supply wells show that the deposits tapped
are of alluvial origin and consist mainly of silt and clay. For ex-
ample, in well 5/10-12L1 (city of Santa Ana, well 11), only about
190 feet of water-bearing sand and gravel was tapped in the full
depth of 1,100 feet; thus, 17.3 percent of the deposits was reported
as water-bearing. Likewise, in well 5/10-13C1 (city of Santa Ana,
well 15), only about 72 feet of water-bearing material was tapped
in the full depth of 1,140 feet; here only 6.3 percent of the deposits
is reported as water-bearing material. These small percentages
account for the small average thickness of water-yielding material
(55 feet). Although the permeability of these materials is rela-
tively large, as indicated by the average yield factor of 171, these
Pleistocene deposits beneath the central part of the Downey plain
probably transmit water somewhat less freely than the principal
water-bearing zone beneath Newport Mesa.

It is estimated that as of the early forties from 80,000 to 100,000
acre-feet of water was withdrawn yearly from these Pleistocene
deposits in the inland zone of the Long Beach-Santa Ana area
within Orange County or about six times that withdrawn from the

468452 0—59——5
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Pleistocene deposits within the coastal zone of the county. Of this
withdrawal, about 10 percent was by municipalities, about 4 per-
cent by industries, and the remainder (some 86 percent) by private
pumping plants and by water companies almost exclusively for
agricultural uses.

WATER-BEARING ZONES IN THE UPPER PART
OF THE PICO FORMATION

The physical character, extent, thickness and water-bearing
characteristics of the upper division of the Pico formation have
been described in the report on geologic features (Poland, Piper,
and others, 1956, p. 87-89, 90-91, pl. 4, A-A’, B-B’). Of necessity,
that description is somewhat superficial because it is based on frag-
mentary information from oil wells along the crest of the New-
port-Inglewood structural zone between Dominguez Hill and New-
port Mesa. Because only one active water well, No. 5/11-28K1, is
believed to tap the upper part of the Pico formation in the coastal
zone of the Long Beach-Santa Ana area, little is known concerning
its productivity beyond the facts and inferences summarized else-
where and just cited. However, it appears advisable here to repeat
that within substantially all the area from Dominguez Hill south-
eastward to and including Huntington Beach Mesa, and from the
coast inland from 4 to 8 miles, the permeable sand zones of the
upper part of the Pico may afford a large reserve supply of fresh
water, now virtually untapped.

REGIONAL GROUND-WATER CONDITIONS
SOURCES AND SCOPE OF WATER-LEVEL MEASUREMENTS

In 1903-4 Mendenhall (1905a, 1905b, 1905¢) made single meas-
urements of depth to water or of artesian-pressure head in many
hundred wells on the coastal plain. To extend these data, water-
level measurements were made by the Geological Survey at irregu-
lar intervals in the next two decades on 41 representative wells.
Of these, 11 wells were within the coastal and inland zones of the
present investigation. The records through 1920 were published
by the Geological Survey (Ebert, 1921, p. 39-46) ; from 1920 to
1923, by the California Division of Water Rights (Conkling, 1927,
p. 593-640).

In connection with its investigation of water resources of the
San Gabriel Valley, the Division of Water Rights in the California
Department of Public Works, in cooperation with Los Angeles
County and the city of Pasadena, measured depths to ground water
periodically from 1928 until 1928 (Calif. Div. Water Rights, 1929,
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p. 171-200). This program superseded and greatly extended the
earlier program by the Geological Survey in that area.

This program of water-level measurements by the California
Division of Water Rights led to similar continuing programs by
many other agencies and individuals that ultimately extended
throughout the area of the present cooperative investigation. The
principal agencies and individuals and the dates of inception of
their continuing programs are as follows: the Los Angeles Depart-
ment of Water and Power, 1923 ; the city of Long Beach, 1924 ; the
San Gabriel Valley Protective Association, 1928 ; the Los Angeles
County Flood Control District, 1928; the Orange County Flood
Control District, principally in 1930; the city of Pasadena, from
1928 until 1933 ; J. B. Lippincott, for several county and municipal
agencies, intermittently from 1923 to 1942; the Irvine Co., 1931;
the I. W. Hellman Ranch, 1933 ; the several Bixby interests, 1933;
and the Montana Land Co., 1985. Altogether, about 2,280 observa-
tion wells have been established by these several agencies in the
coastal and inland zones of the present investigation; in about 32
percent of these wells, the measurements of ground-water level
have been periodic. Relatively few of the periodic records have
been discontinued or terminated by destruction of wells. However,
measurements being made monthly by the Los Angeles Depart-
ment of Water and Power on several hundred wells in the coastal-
plain segment of Los Angeles County were discontinued in 1941.

Nearly all the water-level records by the several agencies just
_ listed have been deposited with the Division of Water Resources in
the California Department of Public Works, and have been made
available to the public. Representative records from selected
observation wells have been published (Gleason, 1932, and annual
supplements).

As of the end of 1940—that is, shortly after the start of this
investigation—water-level recorders had been operated for a year
or more on 61 wells in the coastal and inland zones of the project
area, as follows: by the San Gabriel Valley Protective Association,
on 19 wells for 1 to 10 years each; by the Orange County Flood
Control District, on 12 wells for 1 to 10 years; by the city of Long
Beach, on 29 wells for 1 to 8 years; and by the Los Angeles County
Flood Control District on 1 well for 2 years. These records include
84 wells and 343 well-years. As of December 1940, water-level
recorders were in operation on 45 wells.

Table 18 shows the general scope of the water-level records made
available to the Geological Survey by all the agencies of the area.
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TaBLE 18.—Scope of data on ground-water levels as of December 1940

Coastal Inland Total
zone zone

Number of wells having water-level records, as

follows:
Nonperiodic and miscellaneous measurements__ 305 721 1, 026
Periodic measurements discontinued_.._..____ 171 343 514
Weekly measurements. . __ ... o oon_ .. _. 56 36 92
Monthly measurements_ . _ ... .. __.._ 155 475 630
Water-level recorder operating currently__.___ 32 13 45
Water-level recorder discontinued. . ___._.____ 15 21 36

Total. oo 734 | 1,609 2, 343

Late in 1940 and early in 1941 the Geological Survey began
quarterly measurements of water level in 134 wells in the coastal
zone to supplement the water-level data available from other
sources. These wells were selected primarily to obtain records
in areas not intensively covered by other agencies, to afford the
closest feasible determination of pressure level in the several
confined water-bearing zones near the Newport-Inglewood struc-
tural zone. They included closely spaced wells of different depths
paired to indicate differences in pressure level within the several
zones. So far as possible, wells were selected for which depths
and perforated intervals were known.

Water levels also have been measured periodically in 64 shallow
observation wells constructed by the Geological Survey on low
lands in and near the five gaps through the coastal hills and
“mesas.” These shallow wells were constructed to obtain meas-
urements on the body of semiperched ground water that occurs
in the upper 20 to 50 feet of the deposits of Recent age within the
several gaps. A tavole listing 62 of these wells has been pub-
lished (Meinzer, Wenzel, and others, 1944, p. 79-80). The two
additional shallow wells, 5/11-26M3 and 26N3, at the east edge
of Bolsa Gap, were constructed in 1948 for hydrologic informa-
tion in connection with saline contamination on and near the
northwest edge of Huntington Beach Mesa.

Water-level recorders have been operated by the Geological
Survey on 30 wells for periods ranging from 1 month to more
than 2 years, chiefly on observation wells paired to determine
differences in pressure level or in character of water-level flue-
tuations across or near the Newport-Inglewood structural zone.
Along the coast between Seal Beach and Huntington Beach three
pairs of deep observation wells were constructed on the coastal
side of the structural zone as part of the cooperative program—
wells 5/12-13D1 and 13D2 near Seal Beach; wells 5/11-18N1 and
18P1 in Sunset Gap; and wells 5/11-29E1 and 29E2 on Bolsa
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Chica Mesa (for logs and brief descriptions, see Poland, Piper, and
others, 1956, p. 182-134). Water-level recorders have been oper-
ated on these wells also. Table 19 lists all these wells by num-
ber and gives for each its depth, the position of the water-yielding
zone it taps, and the period during which the water-level recorders
were operated.

TaBLE 19.—Wells in the coastal zone of the Long Beach—Santa Ana area on which
water-level recorders have been maintained by the Geological Survey, 1940-44

Water-ylelding
Well Depth ! zone (feet below Period of operation
land surface)
3/13-35C2._..__. 595.9 ... _._... Nov. 1, 1943-Feb. 7, 1944
4/13- 2J4._____. 178.4 . . _.____... July 25, 1942-June 22, 1943
14L1______. 114. 3 86-114 | Dec. 15, 1942-June 22, 1943
23M2.____.. 115. 2 77-118 | Apr. 29, 1941-June 22, 1943
31L1._. ... 629. 8(910) 274-438 | Oct. 30, 1942-Dec. 14, 1942
530-908
33D1..___. 888. 2 669-800 | Sept. 10, 1941-Jan. 5, 1942
5/11-18J2_______ 216.7 | ... Oct. 9, 1943-Jan. 24, 1944
18N1.____.. 250. 0(380) 172-212 | Aug. 23, 1941-June 15, 1942
221-251 | Sept. 9, 1943—-Mar. 13, 1944
18P1.._ . .. 125. 0(240) 110-148 | Aug. 22, 1941-June 15, 1942
Sept. 9, 1943-Mar. 13, 1944
20L2...._.. 1676 | ... Jan. 23, 1942-July 27, 1942
26 M3 9.4 6~ 10 | Sept. 24, 1943-Nov. 1, 1943
26N3. ... _. 9.7 6— 10 | Sept. 24, 1943-Nov. 1, 1943
29C4_______ 157.0 | ____.____ Dec. 23, 1941-Aug. 14, 1942
20E1.___._. 220. 0(410) 158-212 | Aug. 23, 1941-June 15, 1942
June 22, 1943-Nov. 1, 1943
20E2.______ 120. 0(131) 85-129 | Aug. 23, 1941-June 15, 1942
June 22, 1943-Nov. 1, 1943
5/12- 2B1...____ 255. 2(547) 460-541 | June 18, 1942-Dec. 14, 1942
10A1.___.__ 296. 6 2 124-143 | Sept. 15, 1941-Dec. 19, 1941
Aug. 15, 1942-Mar. 22, 1943
11H1._____ 206.0  ___________. July 2, 1942-Aug. 9, 1943
1Ll .. 810. 0 320-358 | June 16, 1942-Aug. 9, 1943
12P3._ ... __ 362. 6(500) 348-360 | June 16, 1942-Aug. 9, 1943
13D1._____ 210. 0(381) 183-258 | Feb. 20, 1942-Oct. 4, 1943
13D2__.___ 140. 0(160) 125-158 | Feb. 18, 1942-Oct. 4, 1943
6/10- 6P1_______ 150.6 | .. ________ Nov. 29, 1940-Jan. 11, 1943
6P2_______ 24.7 11- 25 | Apr. 4, 1941-July 11, 1942
6/11- 1Q1___.___ 380.0  |_..._____... ov. 30, 1940-Aug. 11, 1941
2G2.__.__ 123.3 78-126 | Nov. 28, 1940-Feb. 25, 1941
2G3..___. 258. 5 100-118 | Feb. 25, 1941-Aug. 22, 1941
214-224
242-254
13G4_.____ 12. 7 6— 7 | June 23, 1941-Feb. 18, 1942
13M1i._____ 364. 1 O] Apr. 4, 1941-Sept. 9, 1941
13M3______ 13. 7 6- 12 | Apr. 4, 1941-Feb. 18, 1942

1 Measured by the Geoloilcal Survey. For wells 4/13-31L1, 5/12-2B1, and 5/12-12P3, figures in paren-
theses indicate reported depths; for the paired permanent observation wells 5/11-18N1 and 18P1, 5/11-20E1
and 20E2, and §/12-13D1 and 13D2, figures in parentheses indicate depth to which well was drilled before
bﬁcimlgla%fnd mfil?ﬁt?s pre: i ftion of feldin .
va e recor agree concerning position of water-yie! zone.
3 Probably below 300 feet. &r Y d



62 HYDROLOGY, LONG BEACH—SANTA ANA AREA

All periodic measurements of depth to water made by the
Geological Survey in the Long Beach-Santa Ana area from 1940
through 1942 have been published (Meinzer, Wenzel, and others,
1944, p. 89-169). Water-level measurements in 202 wells were
discontinued late in 1942 but water-level recorders were main-
tained or established in 1943 on 16 wells (table 19). Records
for these wells also have been published (Meinzer, Wenzel, and
others, 1945, p. 113-124). For three of these wells, water-level
recorders were maintained into 1944 and records have been pub-
lished (Sayre and others, 1947, p. 102).

From late 1940 through 1944, the Geological Survey has made
about 3,615 individual measurements of depth to water in 224
observation wells. From 1904 through 1944, it is estimated that
nearly 200,000 water-level measurements were made in the Long
Beach-Santa Ana area by all agencies. Thus the measurements
by the Geological Survey beginning in 1940 make up about 2
percent of the total.

Locations of observation wells measured by the Geological Sur-
vey are shown on a map previously published (Poland, Piper, and
others, 1956, pl. 3), which shows all active wells in the coastal
zone as of 1941 and any abandoned wells for which there are
records of water level or chemical analyses. All wells in the
coastal zone then accessible were identified in the field and
assigned “USGS” numbers. Locations of observation wells are
also shown on plate 1 of this report. Of observation wells in
the inland zone of the Long Beach-Santa Ana area, locations were
not verified in the field by the Geological Survey, and had been
verified by the California Division of Water Resources only for
selected wells whose records have been published by that agency.
To all unverified locations “USGS” numbers have been assigned
according to locations shown on the master maps of the California
Division of Water Resources.

For all of the 224 observation wells measured by the Geological
Survey in the coastal zone, descriptions are given in table 29.
Insofar as known or available from the field canvass of wells,
this description lists the following information: owner or tenant;
altitude ; depth; diameter of casing; position, thickness, and char-
acter of the zone or zones yielding water to the well; type of
pump and power; use; and the types of data available—chemical
analyses, log, or water-level measurements.

OCCURRENCE OF GROUND WATER

As discussed elsewhere (Poland, Piper, and others, 1956, p.
107-118) at least three distinet bodies of ground water exist in
the Long Beach—Santa Ana area. In downward succession these
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three are (1) a body of semiperched water which occurs in the
upper part of the alluvial deposits of Recent age and which is vir-
tually continuous from the ocean through the five gaps between
the coastal hills and mesas, and far onto the Downey plain (2) the
principal body of naturally fresh ground water which occurs
chiefly in the lower division of the alluvial deposits of Recent age,
in nearly all the deposits of Pleistocene age, and in certain parts of
the underlying Pliocene rocks; and (3) a body or bodies of saline
connate water which underlies the principal fresh-water body
throughout the area. The upper two of these ground-water bodies
are described in considerable detail in following pages.

SEMIPERCHED WATER BODY

OCCURRENCE AND RHEHLATION TO THIS INVESTIGATION

The body of semiperched water is virtually unconfined and
supplies only a relatively few water wells of small capacity.
Beneath the Downey plain and in the several gaps between the
coastal hills and mesas, it occurs commonly in thin layers of sand
and silty sand within the upper 20 to 50 feet of the Recent deposits,
and almost everywhere is separated from the underlying fresh-
water zone by more or less impermeable layers of silt and clay.
It is not present in the intake areas below Whittier Narrows and
Santa Ana Canyon—there a regional water table exists. This
semiperched water body is replenished principally by infiltration
of rain and of irrigation water, also to an unknown extent by
influent seepage from the rivers which traverse the coastal plain.
Beneath most of the Downey plain the semiperched water table
is less than 15 feet below land surface. Its slope conforms fairly
closely with that of the land surface and thus the water moves
generally coastward. However, the containing deposits are of
low permeability, so that the movement probably is not more than
a few feet per year on the average, nor more than a few tens of
feet per year in the more permeable layers. Under native condi-
tions the piezometric head in underlying aquifers was above that
of the shallow (but not then semiperched) water body, so that
a very slow upward percolation of water doubtless fed the shallow
body. In the last three decades, the pressure levels of the under-
lying principal water body have been drawn down below the water
table of the shallow body by continuing heavy withdrawals. Thus,
the shallow body has become semiperched artifically and any ver-
tical movement of water now would be downward from the shallow
body to the confined principal body, rather than upward as under
native conditions.

The semiperched water body is of interest in the present in-
vestigation for two principal reasons, as follows:
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1. At places beneath the Downey plain and everywhere between
the Newport-Inglewood zone and the coast, it was naturally of
markedly inferior quality (Piper, Garrett, and others, 1953,
p. 51-52) and locally, as in the Santa Ana and the Dominguez
Gaps, its chemical quality has deteriorated substantially by
evaporation from the capillary fringe, by landward movement of
ocean water, or by additions of industrial wastes and oil-field
brines. Thus, in the area from the coast about to the inland
flank of the coastal hills and mesas, this semiperched saline water
is a source from which the underlying principal fresh water body
in the past has been contaminated locally and in the future may
become contaminated widely by downward movement of saline
water through defective well casings or by direct percolation.
Hence, further contamination of the fresh-water body from this
overlying saline semiperched water can be partly restrained if
all deep water wells are maintained with tight casings within
this zone, and if all abandoned wells are adequately plugged
above the fresh-water zone. In areas such as the Dominguez
Gap, however, where inferior water has percolated directly from
the unconfined water body into the Gaspur water-bearing zone
through semipermeable deposits that intervene, continued con-
tamination will cease only if (1) the sources of such contami-
nation are eliminated or (2) the pressure head of water in the
Gaspur zone is raised above that in the semiperched water body.

2. The water-bearing deposits of this semiperched zone are
chiefly fine sand and silt and these are of relatively low perme-
ability. Nevertheless, in all the gaps, they constitute a more or
less pervious layer across the “barrier” through which the water
of naturally inferior quality, the contaminated water, and ulti-
mately additional ocean water might reach some of the water-
bearing zones of good quality in the coastward half of the Downey
plain, if water levels in the principal body of ground water should
be drawn down a substantial distance below sea level for a long
period of time.

DEFINITION OF SEMIPERCHED WATER

This regional shallow water body which is termed *‘semi-
perched” in this report has a water table which at some places
beneath the Downey plain is continuously above the pressure
(piezometric) surface of the confined aquifers beneath, and at
other places, chiefly near the coast, is at times above and at times
below this pressure surface. This regional variability in relative
position of the several water levels has led to some confusion in
terminology. It appears advisable, therefore, to examine the
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definitions of “perched” and “semiperched” water, and then to
congider the available facts.
According to Meinzer (1923, p. 40-42),

ground water is said to be perched if it is separated from an underlying body
of ground water by unsaturated rock [including unconsolidated materiall.
Perched water belongs to a different zone of saturation from that occupied by
underlying ground water. * * * Ground water may be said to be semiperched
if it has greater pressure head than an underlying body of ground water, from
which |it is, however, not separated by any unsaturated rock. Semiperched
water belongs to the same zone of saturation as the underlying water, and
therefore where it occurs there is only one water table, which may be called a
semiperched water table. Semiperched water, like perched water, is underlain
by a negative confining bed of either permeable or impermeable type. The
underlying water has subnormal head.

PREVIOUS REGIONAL INVESTIGATIONS

Because of its very minor utility the semiperched body of
ground water within the coastal plain has received little atten-
published reports; in fact, such discussion has developed
because of detrimental character rather than utility. In
1927, Conkling (1927, p. 41-42, 633-639, pl. 13) discussed the
general nature of this body in the central part of the coastal plain
and presented a map showing that as of October 1926 this “high
water table” was less than 8 feet below land surface beneath some
34,000 acres extending irregularly from the Newport-Inglewood
zone mortheasterly about to a line through Maywood, Downey,
Norwalk, and Buena Park. Post (1928, p. 161-162, pl. 12)
noted| that:

A high water table occurs in the Santa Ana River plain south and west of the
76-foot contour of surface elevation. Within this area the high water table

generally stands three to eight feet below the ground surface regardless of
soil type, elevation above sea level or the depth of water table as indicated by

miles | inland from the mouth of the Santa Ana River, in the
spring of 1928 the pressure surface in deeper wells was several
feet above this shallow water table, which was termed a perched
water table on the profile.

Further details on this “semiperched” body in Orange County
were published in 1930 (Calif. Div. Water Resources, 1930, p.
141-146, pl. 11) together with a map showing “surface-water
contours” for April 1930 in the area from the coast to a line
through Buena Park and Santa Ana. In most of that area, depth
to water was less than 8 feet. At least for the inland part, the
regional pressure level in deeper wells stood below the “surface”
water table.
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About in 1937, the Los Angeles County Flood Control District
began construction of shallow wells within the central part of
the coastal plain, largely for the purpose of determining depth
to the water table in areas where housing projects were pro-
posed. From 1937 to 1945, about 42 shallow wells have been
bored in the area east of Alameda Street, west of the County
line, north of Signal Hill, and south of Firestone Boulevard. For
36 of these wells, the average depth is 17 feet; almost all are
constructed with 2-inch casings and some are gravel-packed. The
Flood Control District also constructed about 40 shallow wells in
the vicinity of the spreading grounds below Whittier Narrows and
about 20 wells in Alamitos Gap. Most of these wells have been
measured periodically—about 8 times a year for the 42 wells—
and paired measurements on nearby deeper wells have been
obtained simultaneously.

From a review of these paired measurements by the Los Angeles
County Flood Control District, the following conclusions are
drawn concerning fluctuations of the semiperched water table in
the central area above defined, from 1927 through 1944 :

1. During this 8-year period, the depth to water has ranged from a minimum
of 3 to 5 feet (spring of 1941) to a maximum of 11 to 15 feet.

2. The annual range in depth to water is about 3 feet.

3. In most of the area the semiperched water table has been higher at all
times than the water level of subjacent aquifers as registered in companion
wells. During the spring high-water period, the difference in levels has ranged
from 0 to 20 feet, and during the autumn low-water period, has ranged from
10 to 40 feet. Locally, however, in the area south of Artesia Avenue and east
of Lakewood Boulevard, beginning in 1941 the pressure level in subjacent
aquifers has raised several feet above that of the semiperched body, concur-
rently with rejuvenated artesian flow from wells tapping the deeper aquifers.

OCCURRENCE WITHIN THE SEVERAL GAPS

During the current investigation the Geological Survey bored
64 shallow observation wells along lines placed about centrally
in the five gaps of the coastal zone (p. 60). The wells are from
0.25 to 0.5 mile apart, and each line of wells spans the Newport-
Inglewood structural zone. Of these wells, 19 are in the Domin-
guez Gap, 10 in the Alamitos Gap, 11 in the Sunset Gap, 10 in
the Bolsa Gap, and 13 in the Santa Ana Gap; in addition, 1 well
was constructed on Huntington Beach Mesa. Five of the wells,
5/11-26M3 and N3 in Bolsa Gap, and 6/10-7P2, 6/11-13G4, and
13M3 in Santa Ana Gap, were completed with light 8-inch casing
to accommodate water-level recorders. The remaining wells were
bored with a 4-inch post-hole auger and were completed with
screened well-points affixed to 1V4-inch galvanized pipe, all sur-
rounded with a layer of fine gravel. In the top few feet below
land surface clay was tamped outside the casing to prevent direct
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inflow of rainwater. About quarterly in 1941 and 1942 water-
level measurements were made to determine depth to the water
table, its relation to the pressure levels in wells tapping subjacent
confined aquifers, and character of annual range in fluctuation;
also, to see whether any discontinuity in water surface could be
detected across major faults known or inferred to occur at greater
depth.

Profiles showing water level in the shallow wells within the
five gaps are presented on plate 2. Because the levels for Janu-
ary 20-22, 1942 represent the average high level for the several
profiles within the period of measurement and because the levels
for November 6, 1942, represent the average lowest levels for that
same year, these two sets of measurements have been plotted
on the several profiles to indicate the general magnitude of yearly
fluctuation. Water levels for virtually the same dates in selected
deeper wells tapping subjacent confined aquifers have been super-
posed on the profile to show, insofar as feasible, the relation of
the water table to the pressure (piezometric) levels for the
water-bearing zones of the principal water body. As is shown
by plate 2, certain definite statements can be made with respect
to these relations as they existed in the year 1942.

Thus, in the Dominguez Gap the depth to the water table ranged
from|15 to 25 feet, and its yearly fluctuation ranged from 0 to 3
feet. | In 1942 the water table was below sea level south of Willow
Street and about 24 feet above sea level at well 4/13-2K1, 3.5 miles
to the north and 7 miles from the coast. In wells tapping the
Gaspur water-bearing zone the pressure surface coincided closely
with the water table north of well 4/13-14P1 and to the south
was no more than 2 to 3 feet below the water table. In the
southern part of the Dominguez Gap, at least, the water table
for 1942 was truly semiperched because it was higher than the
pressure level for the underlying body of confined water and was
not separated from that body by any unsaturated rock.

In the Alamitos Gap the depth to the water table rangetl from
0 to 9 feet below land surface and its yearly fluctuation was from
1 to 4 feet. In wells tapping underlying aquifers of Pleistocene
age (Nos. 5/12-2B1 and 11H1) the pressure surface remained
above the water table throughout most of the year (discounting
drawdown due to pumping of nearby wells). Thus, at least
inland from the principal fault of the Newport-Inglewood zone,
the water table as of 1942 in Alamitos Gap was neither semi-
perched nor perched. Under such conditions, it may receive very
slow recharge from the underlying aquifers. However, under the
low-water conditions of the thirties, this water table was a true,
even though temporary semiperched table.
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In the Sunset Gap the depth to the water level in shallow wells
ranged from 1.5 to 8 feet and the yearly fluctuation was from
0 to 5 feet. In January 1942, water levels in three of the shal-
low observation wells (5/11-18G1, 18G2, and 18P3) were above
land surface; these walls reached confined water at shallow depth;
hence if a true water table exists here, it must occur in the top
few feet of fine sand or silt. In one nearby deep well (5/11-18J2)
tapping a subjacent aquifer in deposits of Pleistocene age, the
pressure level was several feet above the level in the shallow wells
throughout the year. Hence, in the Sunset Gap the water level
in shallow wells did not represent a semiperched water table; in
part of this gap apparently even the shallowest permeable zone
contains water confined under sufficient pressure that at times it
rises above land surface.

In the Bolsa Gap the depth to the water table ranged from
1.5 to 8 feet below land surface and its yearly fluctuation was
from 1 to 8 feet. In the area near Slater Avenue and to the
north, the water table is believed to have been depressed artifi-
cially by the effect of local drainage ditches. In well 5/11-27TM1
which taps water-bearing gravel from 40 to 52 feet below land
surface in deposits of Recent age, and in well 5/11-27D1 which
taps a much deeper zone in the San Pedro formation, the pres-
sure surfaces were substantially above the water table through-
out the year. Thus, in the Bolsa Gap the water table was neither
perched nor semiperched as of 1942.

In the Santa Ana Gap the depth to the water table ranged
from 2 to 11 feet below land surface and its yearly fluctuation was
from 1 to 8 feet. As in the Bolsa Gap the water table is depressed
artificially, by the gathering system of the Talbert Drainage Dis-
trict. In wells tapping the Talbert water-bearing zone the pres-
sure surface was above the water table throughout most of 1942,
except near Atlanta Avenue where it was more or less continu-
ally depressed by the pumping of the wells of the Laguna Beach
County Water District, also of other wells for local irrigation.
In the Santa Ana Gap, therefore, as in all others except the
Dominguez Gap, the water table was neither perched nor semi-
perched. In years such as 1942, when the pressure level in deeper
wells was high compared to its level in the thirties, the level of
the water table in all except the Dominguez Gap—that is, all four
gaps southeast of Long Beach—doubtless is maintained in part
by slow upward percolation from the underlying confined water
body.

Direct evidence of replenishment to the unconfined body in the
Santa Ana Gap by rain and by irrigation water is given on figure 2.
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FiGURe 2,—Hydrographs showing relation between shallow and confined water in Santa Ana Gap.

This figure shows hydrographs for shallow wells 6/10-6P2 and
6/11-13G4, which are 24.7 and 12.7 feet deep and which tap the
unconfined waters; also for deep well 6/11-13G2, which taps the
Talbert water-bearing zone. All graphs are plotted from recorder
charts. In well 13G4 the water level rose 1.35 feet in response
to the 2.26 inches of rain that fell on December 9 and 10, 1941,
whereas in well 6P2 the water level rose very little, if at all.
Prior to that storm, the depth to water in well 13G4 was only
4.7 feet, whereas the depth in well 6P2 was 10.8 feet; seemingly
the rainfall was sufficient to replenish moisture deficiency in the
soil where the water table was at the smaller depth but not at
the greater depth. The field of alfalfa surrounding well 6P2,
which doubtless was responsible for much of the moisture defi-
ciency there, was irrigated from March 9 to 18; concurrently the
water table rose 5.5 feet. In about a month it had adjusted itself
to a semipermanent rise of about 3 feet. If the specific yield
of the material at the water table is as much as 10 percent, a
recharge of nearly 4 inches of water is suggested. The heavy
withdrawal for irrigation from the Talbert water-bearing zone
following the 50-day dry period from January 1 to February 21
is reflected in the graph for 6/11-13G2, but not in the graphs
for the two wells tapping the unconfined water body.
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Inland from the five gaps, however, data accumulated in the
several investigations reviewed heretofore (p. 65-66) show that
at least in the past two decades the water table as indicated by
measurements in shallow wells has consistently stood above the
pressure levels of underlying aquifers throughout most of the
Downey plain. Information obtained from wells of unequal
depths indicates that all pervious layers below the water table
are saturated. Thus, over most of the Long Beach-Santa Ana
area, if not universally near the coast, the water table is truly
semiperched but not perched. Accordingly, this shallow water
body is denoted a ‘“semiperched water body” in this report. It
should be noted, however, that this semiperched condition has
been developed largely by the continuing heavy withdrawals of
the past four decades, which everywhere has lowered the pressure
levels of the aquifers of the principal water body beneath. Under
the initial natural conditions of high pressure head that pro-
duced flowing wells for about 290 square miles of the coastal
plain, the area of the true semiperched water table must have been
only a narrow local fringe inland from the limits of flowing wells
(Mendenhall, 1905b, pl. 1). Throughout the artesian area of that
time, the shallow water body must have been replenished both
by rainfall and by slow upward percolation from the zones beneath.

With respect to the two elements of critical interest, outlined
on page 64, the data here presented on the semiperched water
body lead to certain conclusions, as follows:

1. Along the coastal reach, only locally in the Dominguez and the Santa
Ana Gaps has the level of the semiperched water of inferior quality been
consistently above that of the subjacent aquifers since 1940, and thus only in
parts of those two gaps could this shallow water have passed downward
through any defective well casings to enter the Gaspur and Talbert water-
bearing zones beneath. In the intervening three gaps, the pressure level in
the subjacent aquifers has been substantially above that of the semiperched
water body for most of the period since 1940. However, in dry periods similar
to that which culminated in 1936, the semiperched water would have the
greater head in all the gaps and thus in all would be a potential source of
contamination.

2. In all except the Dominguez Gap, the semiperched water table has been
close to sea level and virtually without gradient, even during the high-water
period since 1940. Hence, if this water table fell only slightly during a dry
cycle, a gentle landward gradient would be produced across the principal faults
of the Newport-Inglewood system; then, only the low permeability of the
containing deposits would restrain further encroachment of oceanic and other
saline waters in the semiperched body. However, this low permeability would
afford considerable restraint.
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PRINCIPAL FRESH-WATER BODY

GENERAL FEATURES OF THE GROUND-WATER REGIMEN

The principal fresh-water body underlies most of the Long
Beach-Santa Ana area. Its general nature has been described
briefly in the report on geologic features (Poland, Piper and
others, 1956, p. 109-112) with respect to (1) its extent, depth,
and origin by displacement of saline water from the containing
marine deposits; (2) its replenishment, principally through the
coarse permeable deposits of the intake areas below the Whittier
Narrows and the Santa Ana Canyon by downward percolation
from streams, of rain and of irrigation water; (8) its confinemént
coastward from the intake areas by overlying beds of silt or clay
and by the “barrier” action of the Newport-Inglewood uplift;
and (4) its coastward circulation through the confined aquifers
and the pressure head so developed, which created an initial area
of flowing wells about 290 square miles in extent.

For each of the several major water-bearing zones of the
principal water body that are now tapped by wells, the depth
below land surface, the thickness, the relative water-yielding
capacity, and the estimated yield have been treated on p. 31 to
58. For critical segments of certain aquifers in the coastal
area, the permeability and transmission capacity (transmissibil-
ity) have been treated briefly in the report on geologic features
(Poland, Piper, and others, 1956, p. 114-115).

The increasing withdrawal of water from the fresh-water body
since 1904, especially in the twenties and early thirties, has been
discussed on pages 10 to 12,

In the following pages specific evidence is presented in the form
of hydrographs, water-level contour maps, and water-level pro-
files to show the changes that have taken place in this water body
during its intensive utilization. The decline in water levels, which
developed as a result of increase in use and which has occurred
largely during periods of subnormal rainfall, on the one hand
has crystallized the need for appraising the effectiveness of the
Newport-Inglewood uplift as a barrier to landward movement of
saline water and on the other hand has furnished certain specific
evidence of great aid in such an appraisal.

For reference in the succeeding discussion of hydrologic con-
ditions, table 20 presents yearly rainfall for four representative
stations near the periphery of the Long Beach-Santa Ana area.
For the two stations of longest record—Los Angeles and Tustin—
yearly and cumulated departures from the 68-year average are
shown by the table; the accumulated departure is plotted on
figure 3.
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TaABLE 20.—Rainfall, in inches, at four climatological stations near Los Angeles, in
the years ending June 30, 1877-1944; also, surplus or deficiency (—) at two
stations with respect to 68-year average

[Data from publications of United States Weather Bureau]

Los Angeles Long | Anaheim Tustin
Beach
Year Cumu- Cumu-
Surplus | lated Surplus | lated

Rainfall | or defi- | surplus | Rainfall | Rainfall { Rainfall { or defi- | surplus

ciency or defl- clency or defi-

clency clency
1877-78 ... 2 8.7  B.78 e . 19.60 6.27 6.27
187879 ... ... 11.38 —4.18 4.35 5.78 -7.568 —1.31
.............. 4.81 11,31 16. 58 3.26 1.94
13.13 -2, 7.08 9.49 —-3.84 -1.90
10. 40 —5.13 7.12 7.74 —5.59 -7.49
12.11 —3.42 8,60 7.56 -8.77 —13.26
38.18 22.65 26.17 32.66 19.32 6.08
9.21 —6.32 5,76 9.61 -3.72 2.3
22.31 6.78 14.75 16.38 3.08 5.39
14.05 —1.48 8.68 9.11 —4.22 117
13.87 —1.66 16.94 17.63 4.20 5. 87
19.28 3.76 18.14 15. 42 2.09 7.48
3. 84 19.31 20.00 22.21 8.88 16.34
13.36 -~2.17 15.93 14,76 1.43 17,77
11.85 —3.68 7.42 12.13 -1.20 16. 87
26.28 10.756 13.95 18.10 4.77 21. %4
6.73 —8.80 4.42 6.42 -6.91 14.43
16.11 . 16.17 17.00 3.67 18.10
8. 51 -7.02 7.73 9.47 ~3.86 1424
16.86 1.33 14. 52 14.51 1.18 15.42
7.08 —8.47 5.66 5. 82 —7.51 7.91
5. 50 -9, 94 5.45 6.64 —6.69 1.22
7.91 -=7.62 8.37 7.29 —6.04 —4,82
16. 29 .76 14.65 15.46 2.13 —2.69
10. 60 —~4,93 10. 08 8.84 —4.49 —7.18
19.32 3.79 19,47 15.38 2.06 -5.13
8.72 —6. 81 6.45 16.77 —86. 56 —11.69
19. 52 3.9 .20 | i|eeees 18.78 5.45 —6.24
18.65 3.12 3.32 19.00 5.67 -.587
19.30 3.7 7.09 19. 68 6.35 8.78
1.72 —3.81 3.28 9.04 —4.29 1.49
19.18 3.6856 6.93 14.45 112 2.61
12.63 —2.90 4.03 11.87 —1.46 1.15
16.18 .68 4.68 13.08 .28 .87
11.60 -3.93 .76 7.89 —5.44 —4., 87
13.42 -2.11 -1.36 8.11 -~5.22 —9.79
23.66 8.12 6.76 15. 66 2,33 ~7.46
17.06 1.52 8.28 18.31 4.98 ~2.48
19.92 4.39 12.67 16. 87 2. 54 .08
15.26 -.27 12. 40 10. 38 -2.95 -—2.89
13.86 -1.67 10.73 9.49 -3.84 -6.73
8. 58 —6.95 3.78 8.47 —4,86 —11.50
12. 62 -~3.01 .77 13.03 -.30 -11.80
13.65 —1.88 -1.11 12.23 -1.10 —12.99
19. 66 4,13 3.02 17. 81 4,18 —8.81
9. 59 —5.94 -2.92 7.21 —-6.12 -~14.93
6.67 ~8. 86 ~11.78 11.09 —2.24 -17.17
7.94 -7.59 | -19.37 6.48 —6.85 —24.02
17.56 203 ~17.34 9.21 13.48 .12 —~23.90
17.76 2.23 —~15.11 10. 10 4.79 1.46 -22.44
.77 ~5.76 —20. 87 7.98 11.05 —2.28 —-24.72
12.86 —2.87 | ~23.74 6.38 9. 57 ~3.76 —28.48
11. 52 -4.01 —-27.75 11.71 13.76 .43 ~28.08
12.53 ~3.00 [ ~30.75 8.75 9.94 -3.39 -31.44
16.95 1.42 | -29.33 15.66 15.10 1.77 —20.67
11.88 —3.86 —32.98 9. 56 10.64 —~2.68 —32.36
14. 56 -—. 98 ~33.96 6.07 8.76 —4. 58 -—36. 94
21.66 6131 ~27.83 17.73 15. 85 2.52 —-34.42
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TaBLE 20.—Rainfall, in inches, at four climatological stations near Los Angeles, in
the years ending June 30, 1877-1944; also, surplus or deficiency (—) at two
stations with respect lo 68-year average—Continued

Los Angeles Long | Anaheim Tustin
Beach
Year Cumu- Cumu-
Surplus | lated Surplus | lated
Rainfall | or defi- | surplus | Rainfall [ Rainfall | Rainfall | or defi- | surplus
clency | or defi- clency | or defi-
ciency clency
12.07 —3.46| —3L29 8. 60 -4,73 -39.15
22.41 6.88 —24. 41 22. 56 9.23 —29.92
23.43 7.9 { —16.51 16. 64 3.31 —26. 61
13.07 -2.46 | -—18,97 14,12 .79 —25. 82
19. 21 3.68{ —15.29 15.93 2.60 —23.22
32.76 17.23 1.94 16.17 —7.05
11.18 —4.35 —-2.41 12.77 —. 56 ~7.61
18,17 2.64 .23 16.26 2.93 —~4,
10.22 3.69 3.92 17.38 4.00 -.68
11. 59 —3.94 -.02 13.95 .62 —.08
10 20 DR FORIUUI PRI NI 13,88 oo mes

! Estimated from surrounding stations.

NATURE OF THE EVIDENCE SHOWING CHANGES IN
GROUND-WATER REGIMEN

FIFTY-YEAR HYDROGRAPHS

Figure 3 shows the longest known records of water-level fluc-
tuations available for wells in the Long Beach-Santa Ana area—
that is, in the central and eastern parts of the coastal plain.
Specifically, it shows (1) the composite of fluctuations in four
wells near Anaheim in Orange County, which jointly afford one
nearly continuous record beginning in 1894; (2) fluctuations
beginning in 1895 in well 4/12-8P1 (Bouton well 1) near Long
Beach in Los Angeles County; and (8) long-term variation in
rainfall at Los Angeles and Tustin, plotted as cumulative depar-
ture in inches from the yearly mean for the 68 years of record at
each station (years ending June 80). Plate 6 shows the location
of these wells, also of others for which hydrographs are pre-
sented in this report.

The group of wells in Orange County—Nos. 4/10-22L1, 22L2,
26C1, and 26C2—is about 1.5 miles south of Anaheim and within
the area of unconfined ground water, the intake area of the Santa
Ana River fan. When well 4/10-22L1, the “J. B. Neff” well,
was drilled in 1894 to a depth of 100 feet to tap the Talbert water-
bearing zone, the water stood 18 feet below land surface (Men-
denhall, 1905a, p. 57; also unpublished field notes of the Geologi-
cal Survey). This well was destroyed in 1926 but subsequent
measurements of the water-table stage have been made on nearby

468452 0—59——6



HYDROLOGY, LONG BEACH—SANTA ANA AREA

74

14

02

‘8318 BUY BIUBG-Yovag SUOT 3y} Ul [[BJurel Jo¥ SPI0JSI WI}-SUO| PUE ‘S{[3M J10J PI0J3I 1s98u0] JO SYdeIBOIPAH—'¢ TUNDL]

ot
=3
AV Al N
YRl g
< ->> A o m
E:_ T _\/> 1943] D3| =}
<>§3<> 4 MTAY 0z m
. yooag Buo JD3U (| |Bm uoNOg) 3
>>>\,\ 2722-01/% f\/\f ) < B _ \— 1d8-2VY 1M m.__ {33} 13)0M _W_
1092-01/% [\ ; . -
= m
W \A o
+ o9 P
2292-01/% P Buimoj3 S
e—— PIOdBION — 5q
’ | N AN z
WEHYNY ¥VEN STIIM N 13A31 H3Lvm r/l/\\( (/\/ . P
m
f3m ysN 8 1 001
N22-0It N
\ ~~
A) R
AY
ARANS 3
L~ N\ oo em | o7
‘@A3] aunssaid Py b
\>/\/\_ \/
uysn
NZ by S0 /\7 /\> \ " A A
"l \\ N NA N/ERN
SIHONI NI 3YNLYYA3A 3AILYTINANND 1 TvENIvY
\/ L~ \//\
v
[ [ @ o [ © [ o ) @ [ [ % @
S 8 5 8 - g 5 g 8 2| B 8

(=] o [*]
[ <

(o]

o

S3HONI NI ‘NV3IW VNOSV3S JHL
WOHd 3¥NLHYE3A ALY TINAND -- TTVSNIVY

ot



REGIONAL GROUND-WATER CONDITIONS 75

wells of somewhat greater depth.® This group of wells, shown
on plate 6, is about a mile inland beyond the initial artesian area
(Mendenhall, 1905a, pl. 6) and it is believed that the water-
surface altitude of 122 feet in 1894 represents essentially unde-
pleted ground-water storage at this place. Thus, this composite
hydrograph for the four wells near Anaheim indicates (1) a
decline in water table of about 37 feet in the 10 years from 1894
to 1904, which included 6 years of greatly subnormal rainfall;
(2) a fluctuating but virtually stabilized water table in the 13
years from 1904 to 1917, which included only 6 years of slightly
subnormal rainfall; (3) a fairly steady decline of about 82 feet
in the 19-year dry period from 1917 to 1936, which included 13
years of subnormal rainfall; and (4) a recovery of 17 feet
in the 8-year wet period beginning from 1937, which at Tustin
has included 2 years of slightly subnormal rainfall and 3 years
of excessive rainfall. During the 19-year period that ended with
1986 the withdrawal of ground water from beneath the coastal
plain was increasing most rapidly and probably nearly doubled.
This composite graph is believed to represent long-time water-
level fluctuations beneath most of the coastal plain in Orange
County, although the historic low-water level in the autumn of
1936 is more clearly defined in hydrographs for certain other
wells, submitted on subsequent pages.

A composite record of monthly water levels beginning in 1907
and continuing to date (1945) is available from two wells of
the city of Anaheim (wells 4/10-15B5 and 15B1). These two
wells are 830 and 329 feet in depth, respectively, and tap aquifers
of Pleistocene age underlying the Talbert water-bearing zone.
Their composite hydrograph coincides so closely with that of
wells 4/10-22L1 and 22L2 that it could not be shown clearly on
figure 3. However, it is here cited as evidence that in the upper
reach of the Santa Ana alluvial fan, where the ground water is
largely unconfined, fluctuations are nearly alike for wells tapping
the Talbert zone and for wells tapping the underlying deposits
of Pleistocene age.

The Bouton wells (see record for 4/12-8P1, Bouton well 1,
fig. 3) are about 212 miles north of Signal Hill, were drilled
between 1891 and 1903, and all tap the Silverado water-bearing
zone of the San Pedro formation. Their interesting history has
been recorded by Brown (1944, p. 25-30). The first successful
well, 4/12-8P5, apparently was completed in 1891 at a depth of
339 or 400 feet in the uppermost part of the Silverado zone and

® For published record see Ebert, F. C., 1921, p. 44-46; also U. S. Geol. Survey Water-

Supply Papers 817, p. 7, 1937; 840, p. 28, 1938; 845, p. 18, 1939; 886, p. 24, 1940; 911, p.
120, 141; 1941, p. 123, 1943; 949, p. 117, 1944; and 991, p. 118, 1945,
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is reported by two independent sources ** to have flowed with a
jet reaching 7 feet above the top of its 7-inch casing at the time
of completion. Also, reportedly it threw a “stream 20 feet
above the mouth of a 2-inch nozzle situated 22 feet 4 inches
above the surface.” Burt Harmon of the Long Beach Water
Department has calculated that this discharge height indicates
a static head about 80 feet above land surface. This well is now
known as Bouton No. 4 because J. B. Proctor, who drilled the
last three wells, numbered them 1, 2, and 3, respectively, and
then numbered the two earlier wells 4 and 5. These numbers
have become fairly fixed in the records of the city of Long Beach
and of other agencies, and so are used by the Geological Survey.

The third well of the Bouton group, 4/12-8P1, now known as
Bouton No. 1, apparently was completed in 1895. It is variously
reported to have been drilled 714, 722, and 730 feet deep and its
casing is reported to have been perforated from 674 to 714 feet
below land surface in the lower part of the Silverado water-bear-
ing zone. This lower part of that zone is hydraulically sepa-
rated from the upper part, which is tapped by well 8P5, by a
layer of clay about 75 feet thick. Initially well 8P1 flowed 812
inches over its 14-inch casing and reportedly had a static head
about equal to that of well 8P5—that is, 80 feet above land sur-
face and about 148 feet above sea level. The record of water
level for this well plotted on plate 8 is chiefly from the Long
Beach Water Department.!? The latest recorded flow was in
1916; subsequently the pressure level declined almost steadily to
20 feet below sea level in 19381, recovered about 23 feet in 1932 and
1933, and since then has declined to 28 feet below sea level at the
end of 1944. Since 1936 the water level in this well thus has
moved contrary to the regional recovery in water level, probably
because of heavy and sustained pumping from a nearby well which
is used in part to maintain Bouton Lake. Nevertheless, it sub-
stantiates the record for the group of wells near Anaheim in
showing a regional decline in water level of about 70 feet from
1917 into the middle thirties.

TWENTY.YEAR HYDROGRAPHS

Measurements of water level giving representative geographic
coverage do not extend back more than about two decades—as
mentioned earlier in this report (p. 59), extensive measurements
were begun by several agencies in the middle and late twenties.

19 Unpublished notes in files of Geological Survey, in part from W. M. Brown and Burt
Harmon of the Long Beach Water Department.

11 For published record, see U. 8. Geol. Survey Water-Supply Papers 941, p. 110-114, 1948;
949, p. 93, 1944 ; and 991, p. 114-115, 1945.
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These programs developed chiefly because local agencies became
disturbed by the continuing decline in water levels caused by
increasing withdrawals during the period of deficient rainfall
which commenced in 1918 but which was most severe from 1923
through 19256 and from 1927 through 1931 (fig. 8). Thus,
records of water-level fluctuations extending back about 15 years
are available for several hundred wells within the project area,
and for a 21-year period for scattered wells. From all these,
30 records have been selected to represent the water-level fluctu-
ations within the principal water-bearing zones; these repre-
sentative records are shown by the hydrographs of plates 8 and 4.
Certain pertinent details of the records are given in table 21 and
22, respectively.

TABLE 21.—Wells in Los Angeles County for which hydrographs are plotted on plate 3

Water-ylelding zone or zones
Well Depth Agency supplying
(feet) Feet below . principal record !

1and surface Stratigraphic correlation

Wells tapping Recent alluvial deposits

Wells tapping Pleistocene deposits

2012-16F2_ ... __.___.. i 400 ... San Pedro formation_._._._.._..______ LADWP, SGVPA
2/13-22D4_ .. ... ! 752 258-714 | San Pedro formation, upper part....| Owner

2IB11_ .. ______ i 1,600 | 938-1,575 | San Pedro formation, lower part. ... Do.
3/12-8F1_ __________. 11,755 | 578-1,492 | San Pedro formation_._..._.._.______ LADWP
413-12H1 ___________. 12 424-624 | Silverado water-bearing zone in San Do.

| ‘ Pedro formation.
2AH3. .. ... ! 800 430-788 |._._. A0 - ol LADWP, owner
23G2. ... 1,074 ‘\ 596-1,066 1 ____ A0l LB

! Names of agencies used in this and following tables are indicated as follows: DWR, Division of Water
Resources, State of California; LACFCD, Los Angeles County Flood Control District; LADWP, Los An-
geles Department of Water and Power; LB, City of Long Beach; OCFCD, Orange County Flood Control
District; SGVPA, San Gabriel Valley Protective Association; RAS, R. A. Shafer for Bixby-Bryant inter-
ests; and USGS, United States Geological Survey.

WATER-LEVEL CONTOUR MAPS

To show regional water-level conditions for the lowest and
highest ground-water levels that have developed during the period
of heaviest withdrawal, two water-level contour maps have been
prepared. Specifically, plate 5 shows the historic low-water con-
ditions of September 1936, near the end of the irrigation season
in that year; also, plate 6 shows conditions during the high-water
stage of April 1941, when substantial recovery had occurred over
much of the coastal plain owing to increased replenishment
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TaBLE 22.—Wells in Orange County for which hydrographs are plotted on plate 4

Water-ylelding zone or zones
Well Depth Agency supplying

(feet) principal record !
lgggtsgilfg& Stratigraphic correlation

Wells tapping Pleistocene deposits in western part of county

SGVPA

3/10-31R2. .. .
- .| OCFCD

U Pleistocene. .
Sa%pf’l;dro formation_ o0
"Gpper Plelstoveno. ... | SGVPA
.| San Pedro(?) formation. - Do.
do OCFCD

ng Recent alluvial deposits
- Talbert water-bearing zone and up- | OCFCD
per Pleistocene.
............ 200 Talbert water-bearing zone. _.......| W. W. Hoy
C2_ ... M5 |- A0 e Do.
I P L+ TN, ..| OCFCD
..... [+ U TP Do.
Wells tapping Plei deposits b
6/10- 1L2_ ... __ 142.6 | oo Upper Pleistocene........_..._._... W. W. Hoy
3H2 ... ... [ 1 A P, Principal water-bearing zone in San {| OCFCD
Pedro formation.
11-G2 ... 804 246-425 |__... ' 1o NP Do.

! For explanation of symbols see table 21,

coupled with decreased draft in the wet seasons of 1936-37,
1937-38, 1989-40, and 1940-41 (table 20).

As is shown by the hydrographs of plates 8 and 4, also by
those of other plates presented, water levels have risen slightly
since 1941 in some segments of the main coastal basin, especially
in Orange County. Thus, a contour map for 1942 or 1943 would
show a somewhat higher level, at least locally, but would be less
comprehensive than plate 6 because in 1941 the Los Angeles
Department of Water and Power made its last measurements
of depth to water in several hundred wells and discontinued its
program by year-end.

Water-level contours by Mendenhall as of 1904 (1905a, 1905b,
1905¢) show a substantially higher water level than does the map
here introduced for April 1941 (pl. 6), but do not cover the belt
of wells then flowing—that is, they do not cover the greater part
of the main coastal basin. The field notes taken in 19084
show several hundred measurements for height of flow above
the casings of the flowing wells. However, it is not considered
practicable at this time to convert these measurements to piezo-
metric levels as of that date, because interference between the
wells would preclude a close approximation of such levels. For
this reason a map showing water-level contours as of 1904 is not
included in this report.
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Water-level contour maps for other periods since 1904 have
been prepared by several agencies. For example, beginning in
1980 the Los Angeles County Flood Control District (Baumann
and Laverty, 1980-44) has prepared contour maps of the high-
(April-May) and low-water (October—November) stages of each
year for the coastal plain in Los Angeles County. The California
Division of Water Resources has published ground-water contour
maps (1) as of April 1926 for part of the central coastal plain
(Conkling, 1927, pl. 13) ; (2) as of autumn 1927 for nearly all of
Orange County (Post, 1928, map 8); (38) as of January 1933
for much of the coastal plain (Eckis, 1934, pl. E) ; and (4) as of
December 1936 and December 1944 for Orange County (Gleason,
1945, pls. 4 and 5). Also, for selected periods since 1928 the
Orange County Flood Control District has prepared ground-water
contour maps for Orange County; of these maps, one for the
autumn of 1930 has been published (Elliott, Etcheverry and
Means, 1931, pl. 5). Of all these maps antecedent to this report,
none spans the full reach of the Long Beach-Santa Ana area.

The two water-level contour maps of this report, plates 5 and
6, have been drawn from water-level altitudes in wells tapping
the water-bearing zones most heavily pumped. No single water-
bearing zone extends over all the area or even over the part of
the area in either county. Within the extent of the Gaspur and
Talbert water-bearing zones (pls. 5, 6) most of the active wells
tap only these zones and relatively few tap underlying zones
within the Pleistocene deposits. Thus, within the reaches of
these two zones, except in the Dominguez Gap (p. 80) the water-
level contours show the pressure level or, in the respective intake
areas, the water table. Elsewhere, the contours are based on
water levels in wells tapping aquifers of Pleistocene age. In
general, in such wells tapping Pleistocene deposits less than about
200 feet below land surface—upper Pleistocene deposits in most
part—water levels are somewhat higher than those in deeper
wells and were disregarded in drawing the contours. On the
other hand, throughout most of the area there is no marked dif-
ference in pressure level (piezometric surface) among the deeper
wells, whether a few hundred or as much as 1,000 feet deep. Thus,
data from most of the observation wells more than 200 feet deep
were used as control for the contours of plates 5 and 6. For the
area extending from Long Beach southeast to Huntington Beach
and lying southwest of the major faults of the Newport-Inglewood
structural zone, water-level contodrs could not be drawn on either
map because sufficient wells are not available to furnish control
on water levels. For that area, av#ilable data are shown on paired
hydrographs presented in the latter part of this report.
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However, in both Los Angeles and Orange Counties, there are
certain areas where two or more water-bearing zones are tapped
extensively by wells and where pressure levels in the deeper zones
are several tens of feet the lower. These inequalities in pressure
level occur commonly where the water-bearing zones are sep-
arated by extensive impervious layers; they have developed
through the period of draft, owing to disproportionate withdrawal
from the several water-bearing zones, or to unequal facility for
replenishment, or both. For all such areas, the contours have
been drawn from water levels in wells tapping the zone of heaviest
draft.

In Los Angeles County, water-bearing zones with markedly
disparate levels are tapped in three principal areas, as follows:

1. In the vicinity of Huntington Park, three major water-bearing zones are
tapped (p. 92-95) ; among these three the uppermost is the westerly arm of
the Gaspur water-bearing zone of Recent age, whereas the middle and lower
zones occur in deposits of Pleistocene age. The middle zone, in the upper and
middle parts of the San Pedro formation and from 500 to 1,100 feet below land
surface, is the one now (1945) pumped most heavily and the one for which

contours are shown on plates 5 and 6. Its pressure level is from 10 to 40 feet
below that of the upper zone and from 10 to 30 feet above that of the lower

zone.

2. Northeast of Signal Hill the Silverado water-bearing zone is the chief
source of water, However, it is underlain by a water-bearing zone within the
basal division of the San Pedro formation which supplies nearly half the cur-
rent demand by the city of Long Beach (table 24), and whose water level
currently is from 10 to 30 feet below that of the Silverado zone (p. 95-101).
Accordingly, levels from wells tapping the basal division of the San Pedro
have been omitted in preparing the contour maps.

3. Southwest of the Newport-Inglewood uplift in the Dominguez Gap, the
Silverado water-bearing zone is again the chief source of supply. However, it
is overlain at shallow depth by the Gaspur water-bearing zone of Recent age
(see Poland, Piper, and others, 1956, pl. 4, B~B’) which once was pumped
heavily, but now is contaminated and is pumped only lightly. Thus, here also,
only water levels for wells tapping the Silverado zone have been utilized in
preparing plates 5 and 6.

In Orange County, water-bearing zones with markedly disparate
levels are tapped in one substantial area—specifically, the Irvine
tract where wells range in depth from as little as 31 to as much as
1,660 feet below land surface. Several of the deeper wells tap
as many as a dozen aquifers, which commonly are not more than
20 feet thick and which are separated by layers of silt, clay, or
shale. Although they tap several aquifers, most of the wells that
are perforated below 300 feet appear to have a common water
level, which has fluctuated widely during the past decade. On the
other hand, most wells less than 200 to 300 feet deep have a water
level substantially above that of the deeper wells—in 1936 it was
locally as much as 75 feet higher and in 1941 as much as 25 feet
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higher. Because the aquifers below 300 feet yield most of the
ground water withdrawn in the Irvine tract, only levels in the
deeper wells have been used in preparing plates 5 and 6.

The areas of disparate levels in Los Angeles County are dis-
cussed in some detail on pages 92-101. However, in the Irvine
tract of Orange County hydrologic conditions are so complex that
it was not considered feasible within the scope of this investiga-
tion to attempt their detailed study; therefore, no further eluci-
dation of those conditions will be undertaken.

Certain water-level contour maps that have been prepared by
other agencies (p. 79) have been drawn in part from water levels
in wells tapping zones shallower than those most heavily pumped.
Hence plates 5 and 6 of this report do not necessarily agree with
maps of other agencies for similar periods.

WATER-LEVEL PROFILES

The movement of water in the Gaspur and Talbert water-
bearing zones is the most critical element in the ground-water
regimen of the area, not only with respect to regional circulation
and replenishment (Poland, Piper, and others, 1956, p. 111-113),
but also with respect to a fundamental problem of this cooperative
investigation—that is, encroachment of saline water across the
barrier features of the Newport-Inglewood uplift. Accordingly,
plates 7 and 8 are introduced to show profiles along the full reach
of these two zones from the two inland narrows to the ocean with
selected water-level stages. Thus, these plates show the position
of the Gaspur and Talbert zones in relation to historic changes
in water level, and indicate (1) the extent of dewatering that has
occurred within their intake reaches, (2) the decline in artesian
pressure that has taken place within their confined reaches, down-
gradient from the respective intake areas, and finally (3) the
landward gradients that have developed within them at and near
the coast, under which the natural direction of ground-water
movement has been reversed and oceanic or connate waters have
moved landward within the Dominguez and the Santa Ana Gaps.

CHANGES IN GROUND-WATER REGIMEN IN LOS ANGELES COUNTY

In the following pages the long-term fluctuations in water level
are analyzed separately for the two counties in some detail, with
specific reference to the hydrographs, water-level contour maps,
and profiles just introduced. Those fluctuations can best be exam-
ined in relation to the several water-bearing deposits tapped, be-
cause certain features of and changes in pressure level are critical
with respect to the major issue in this investigation—that is,
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with respect to the effectiveness of the Newport-Inglewood uplift
as a barrier to further inland movement of saline water.

CHANGES IN THE GASPUR WATER-BEARING ZONE
DECLINE OF HEAD PRIOR TO 1926

Plate 7 has introduced profiles of water level at selected time
intervals from 1903-4 into 1941 for many representative wells
tapping the Gaspur water-bearing zone—among these wells, the
six whose hydrographs are given in plate 3 are indicated by lines
of extra weight. These profiles follow line A-A’ of plate 6, which
is identical in position with line A—A’ on plate 7 of the report on
geologic features (Poland, Piper, and others, 1956). They show
the water levels for April 1926, for the high stages of 1930 and
1936, for the low stage of 1936 (historic low water), and for the
high stage of 1941 (about in April)—all in comparison with the
water level for 1903-4, the earliest level of record.

Mendenhall’s field notes of 1903-4 have been reviewed with the
hope of obtaining data on the initial height of piezometric surface
within the Gaspur water-bearing zone, but information so gleaned
is fragmentary and insufficient for plotting a profile on plate 7
(the profile 1903-4 is somewhat below that of native conditions).
However, it was learned that initially the wells tapping the Gaspur
zone from Artesia Streef north to and about a mile beyond Fire-
stone Boulevard flowed slightly. Specifically, the most northerly
well for which initial flow is recorded from the Gaspur zone was
Mendenhall’s No. 2679 (Downey quadrangle), which projects on
to plate 7 about at the position of well 2/12-28R1. This well
“flowed Y2-inch over pipe [4-inch casing] when drilled in 1875;”
thus, it is suggested that, at least in the mile north from Firestone
Boulevard, the pressure head in the Gaspur zone declined about
12 to 15 feet from 1875 to 1904.

With respect to the profile for 1903-4, particular attention is
called to the fact that the wells then flowing from the Gaspur
water-bearing zone reached coastward only about 2.5 miles from
well 83/12-8L3 (from 0.4 mile south of Imperial Highway about to
Compton Boulevard), whereas Mendenhall’s map (1905b, pl. 4)
shows the area of flowing wells (“artesian area” in his termi-
nology) to have extended about 5 miles (from Imperial Highway
to Del Amo Street). However, his notes indicate that south of
Compton Boulevard all wells flowing as of 1903-4 tapped deposits
of Pleistocene age underlying the Gaspur zone.

In the Dominguez Gap as of 1904, the pressure level in the
Gaspur zone ranged from 4 to 8 feet below land surface inland
from the Pacific Coast highway ; coastward from that highway,
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to Terminal Island, it was from 1 to 2 feet below land surface.
Except at Mendenhall’s well No. 882 (in 4/13-34P, tideiand area
as of 1904), nowhere in the gap did the pressure level in the
Gaspur zone rise above land surface to produce flowing wells.

Plate 7 shows a decline of water level for the Gaspur zone from
1904 to 1926 that was substantial but not excessive. In the 5-mile
reach from Whittier Boulevard to Firestone Boulevard, the great-
est decline was 14 feet and the average decline was about 10 feet;
in the 6-mile reach from Firestone Boulevard to Artesia Street,
the greatest and average declines were 10 feet and about 6 feet,
respectively; and in the 7Y5-mile coastal reach from Artesia
Street to Terminal Island the greatest and average declines were
16 feet and about 9 feet. However, from the hydrographs of
figure 8 and from published records of water levels from 1904 to
1918 it is concluded that for the area north of Firestone Boule-
vard and east of the San Gabriel River (Ebert, 1921, wells 37 and
40), the water levels of 1918 were equal to or slightly above those
of 1904, and that the decline summarized above occurred entirely
from 1918 to 1926—that is, during the period of deficient rainfall
beginning in 1917 and in the early half of the period of declining
water levels that continued into 1936.

DECLINE AND PARTIAL RECOVERY FROM 1926 THROUGH 1944

On plate 3 hydrographs are given for 6 wells tapping the Gaspur
water-bearing zone at intervals of from 8 to 4 miles between
Whittier Narrows and Terminal Island. These show water-level
fluctuation from 1926 through 1944 throughout the full reach of
the Gaspur zone. (See pl. 6 for location, also table 21 for other
pertinent data.) Four of the six wells are inland from the
Newport-Inglewood uplift, and so are in the main coastal basin;
the remaining two, wells 4/18-14L1 and 36M1, are southwest of
the uplift in Dominguez Gap, and are in the southeastern segment
of the so-called west basin. Within the reach of the Gaspur zone
across the main basin the early record for well 3/12-8D3 has been
plotted to supplement the later record for well 3/12-8L3, and the
early record for well 3/13-26Q1 to extend that of well 3/13-356B2;
within the Dominguez Gap, the early record for well 4/13-14K1
supplements that of well 14L1.

The continued recession of water level from 1926 into 1936 and
the partial recovery to the end of 1944, as revealed on plates 3
and 7, can best be summarized separately for (1) the area from
Whittier Narrows to Del Amo Street and (2) the Dominguez Gap,
or from Del Amo Street southward to Terminal Island.
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Whittier Narrows to Del Amo Street.—Hydrographs and pro-
files for wells within this reach reveal the following common
trends:

1. A general decline in water level from 1926 into 1936, ranging from 36
feet at well 2/12-85C1 to 16 feet at well 83/13-36B2.

2. A substantial recovery from 1936 into 1941, especially in the wet seasons
of 1937-38 and 1940-41; this recovery ranged from 34 feet at well 2/12-35C1
to 6 feet at well 3/13-35B2.

3. Essential stability from 1941 through 1944.

On plates 6 and 7, the recharge area of free water-table fluc-
tuation is shown as extending from Whittier Narrows coastward
some 5 miles, or about to well 2/12-35C1. Thus, changes in water
level inland from this well represent changes in ground-water
storage, whereas changes in the confined reach coastward from
this well commonly indicate fluctuations of the pressure head
but not of storage. However, from 1933 to 1938 dewatering
occurred in the previously confined reach of the Gaspur water-
bearing zone; at its greatest reach in 1936 this dewatering ex-
tended coastward about to Firestone Boulevard.

The recovery of 1936-41 was greater at well 2/12-35C1 (34
feet) than at well 2/12-13A1 (22 feet). These two wells are
about midway between the Rio Hondo and the San Gabriel River.
However, well 18A1 is near the upper end of the recharge area
and about 1 mile upstream from the spreading basins of the Los
Angeles County Flood Control District. (For location of these
basins, see plate 6.) On the other hand, well 35C1 is near the
lower edge of the recharge area and about 2 miles downstream
from the spreading basins. The basins adjacent to the Rio Hondo
were constructed in 1938 (Jordan, Keim, and Thayer, 1939), and
those contiguous to the San Gabriel River in 1939 (Jordan and
Thayer, 1940). In the period ending October 1, 1943, about
25,000 acre-feet of water had been spread in these bagins.!?
Natural replenishment in the recharge (intake) area is chiefly
from channel percolation, underflow, and rainfall penetration;
the artificial spreading operations, which have been carried on
mostly in the summer, have contributed substantially to the re-
covery of water level and in part explain the greater recovery at
well 2/12-35C1.

As shown by the profiles of plate 7, by the spring of 1941 the
natural and artificial recharge had built a water-table mound in
the reach between Whittier Boulevard and Anaheim-Telegraph
Road, and there had raised the water level substantially above
the high stage of 1926 and locally to the water-table stage of 1904.

12 Figures from Annual reports on hydrologic data: Los Angeles County Flood Control
District, 1937-38, 1938-39, 1939-40, 1940-41, 1941-42, and 1942-43.



REGIONAL GROUND-WATER CONDITIONS 85

This local mound apparently had not extended coastward beyond
well 2/12-28R1 as of early 1941; had the mound reached the
confined segment of the Gaspur zone, it might be expected that
pressure effects would have been transmitted coastward rapidly
and immediately. As inferred on plate 7, this lack of pressure
response suggests that confinement is incomplete in the reach
from well 2/12-35C1 to well 28R1. This suggestion is substanti-
ated by such well logs as are available, especially for the area near
the Rio Hondo.

Del Amo Street to Terminal Island.—Hydrographs for the two
wells tapping the Gaspur water-bearing zone in the Dominguez
Gap coastward from the Newport-Inglewood fault zone reveal:

1. A declining water level from 1926 into 1931—8 feet at wells 4/13-14K1
and 14L1, or about 2 feet per year.

2. A consistent but slow rise in water level from 1931 to 1940, averaging
about 1 foot per year,

3. A stable level from 1940 through 1944 (however, for erratic fluctuation
in well 4/13-35M1, see below).

Thus, from 1931 into 1936 for wells tapping the Gaspur zone
within the Dominguez Gap the water levels moved contrary to
the general trend for wells tapping this same zone in the main
coastal basin to the north. This recovery of the pressure surface
in the Dominguez Gap in the early and middle thirties occurred
because in that area saline contamination then was increasing,
water from many irrigation wells was becoming unusable, and
draft from the Gaspur zone was decreasing accordingly.

Anomalous fluctuation in well 4/13-35M1.—In well 4/13-35M1
the water level declined suddenly about 11 feet in July 1941 and
fell an additional 4 feet in September of that year concurrently
with the dewatering for construction of the large graving dock
at the Naval Operating Base on Terminal Island, about 9,000 feet
south of the well. A brief description of this dewatering oper-
ation, its effect on water levels in nearby wells, and the local but
substantial subsidence of land surface that quickly developed has
been given by Grant. (1944, p. 149-154.) This dewatering was
carried out by turbine pumps in 36 gravel-envelope wells which
tapped the Gaspur water-bearing zone. The first pumps were
started on June 27, 1941. The discharge reached a maximum
during August, when the average rate was about 35,000 gpm, or
about 4,600 acre-feet for that month. From October into late
February 1942, the average rate was about 20,000 gpm. On April
4, 1942, all pumping operations at the drydock ceased, after re-
moval of about 26,000 acre-feet of water from the Gaspur zone
in 9 months, or slightly more than was pumped concurrently from
this same zone by all water wells from Terminal Island to Whittier
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Narrows (p. 84). The hydrograph for well 356M1 (pl. 3) indi-
cates recovery of water level until about mid-May 1942, when
dewatering operations at the base were resumed for construction
of two cruiser docks; this second dewatering continued into Feb-
ruary 19438, and then stopped. At that time the water level in
well 35M1 finally recovered about to sea level.

CHANGES IN THE DEPOSITS OF PLEISTOCENE AGE
GENERAL CHARACTER OF THE DEPOSITS

Because in Los Angeles County the major water-yielding zones
in deposits of Pleistocene age are within the San Pedro formation,
the present discussion will be concerned almost exclusively with
fluctuations of water level in wells tapping some part of that
formation. As described in the report on geologic features,
(Poland, Piper, and others, 1956, p. 78-84) well logs and cuttings
disclose the physical character of the San Pedro formation about
as follows:

1. During most of San Pedro time continental alluvial-fan deposits were
dominant within the inland half of the Downey plain and there developed a
series of trunk aquifers radiating from the apexes of the fans, which were
near the inland narrows.

2. Immediately inland from the shoreline of San Pedro time—that is, from
Lynwood and Compton southeast past Bellflower to Los Alamitos and Stan-
ton—fine-grained lagoonal deposits were dominant. These were transected by
relatively few of the gravel-filled tongues or “spokes” radiating coastward
from the apexes of the alluvial fans; thus, the over-all transmissibility of
these lagoonal deposits is substantially less than that of the continental
deposits farther inland.

3. Southwestward beyond this lagoonal fringe, a littoral and shallow-marine
environment produced the Silverado water-bearing zone with its deposits of
highly permeable sand and gravel alined about parallel to the Newport-Ingle-
wood structural zone and normal to the radial gravel “spokes” of the inland
alluvial fans, somewhat as the rim of a wheel is fitted to its spokes.

DECLINE IN HEAD PRIOR TO 1904

With respect to initial pressure level in the San Pedro for-
mation and the decline that developed into 1904, details available
for the Bouton group of wells north of Signal Hill have been
summarized earlier (p. 75-76). From the investigation in 1903-4
by Mendenhall (1905b) the data furnish a basis for summarizing
additional pertinent facts as follows:

Initially, the pressure level in the San Pedro formation was
sufficient to produce flowing wells from about Washington Boule-
vard on the Rio Hondo and from Whittier Boulevard on the San
Gabriel River, southward about 12 miles to the Newport-
Inglewood fault zone in the Dominguez Gap. The extent of this
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area of initial artesian flow as shown by Mendenhall (1905b, pl. 4)
has been indicated on plate 6. As of 19034, the general pressure
level within the San Pedro formation had been drawn down below
land surface within about all the area north of Imperial Highway ;
thus the reach of flowing wells was only about 6 miles inland from
the Newport-Inglewood zone.

For the greater part of the Dominguez Gap, coastward from
the Newport-Inglewood structural zone, no data are available
concerning initial pressure head but so far as known, as of 1903
only one well had been drilled sufficiently deep to tap the Silverado
water-bearing zone of the San Pedro formation. This well, No.
4/13-26P3 (Mendenhall well 885, Downey quadrangle), was
drilled to a reported depth of 784 feet although the log is available
only to 633 feet. Its casing was never perforated but the well
flowed slightly over the top of casing in 1903. Apparently this
well is about at the east edge of the Silverado zone, because re-
portedly it tapped clay in the depth range from 350 to 770 feet
below sea level whereas the Silverado zone occurs at this depth
only half a mile to the west and to the south. In any case, it
bottomed in deposits believed to be in hydraulic continuity with
the Silverado zone to the west, and thus it indicates that the pres-
sure level of water in the Silverado zone at that date was somewhat
above land surface. This inference is substantiated by data from
a well (Mendenhall No. 879, Downey quadrangle) at the very
west edge of the Dominguez Gap, about 500 feet west of well
4/13-15N1. Well 879 was completed in 1900 at a depth of 459
feet and tapped about the top 10 feet of the Silverado zone. In
July 1903, it was flowing “V2-inch over the top” of the 2-inch
casing, with a water temperature of 80°F. Thus, the records for
these two wells indicate that throughout the Dominguez Gap in
1903, the pressure level of water in the Silverado zone was at or
above land surface. As of 1903 essentially no water had been
drawn from it in or near the Dominguez Gap, therefore, it is
believed that here the initial ground-water head of the Silverado
zone had changed little, except as it may have been modified by the
decline of head in this same water-bearing zone northeast of
(inland from) the Newport-Inglewood fault zone.

DECLINE IN HEAD FROM 1904 INTO 1926

With respect to change in water level from 1904 into 1926 for
wells tapping the San Pedro formation, the record for the Bouton
group of wells north of Signal Hill has been presented (fig. 3 and
p. 75). Additional information is available for well 4/12-26M1,
2.5 miles east of Signal Hill and 0.5 mile west of Palos Verde
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Avenue, at Stearns Street (extended). The casing of this well
is perforated from 667 to 777 feet below land surface, in the
Silverado water-bearing zone. According to Fred H. Bixby
(oral communication, Feb. 26, 1941), when drilled in January
1903 the well flowed 515 inches (4,635 gpm) at land surface and
its artesian head was sufficient to cause flow over the top of a pipe
extended 100 feet above land surface (118 feet above sea level).
When visited by A. C. Hansen on August 4, 1903,*® the well was
capped and its shut-in pressure was 23.5 pounds per square inch
at 7 feet above land surface; its artesian head then was sufficient
to raise water 61 feet above land surface. Hansen measured an
artesian flow of 6.13 cfs (2,750 gpm). From 1903 through 1923
no measurements are known for this well, but on March 8, 1924,
a measurement by J. B. Lippincott showed pressure head about
16 feet above land surface. Thus, since January 1903, the water
level had declined about 84 feet; it is not recorded how much of
this decline of head in the Silverado zone may have occurred by
1917—that is, within the period of generally stable ground-water
heads throughout the Long Beach-Santa Ana area, and partic-
ularly in the Gaspur water-bearing zone which overlies the zone
tapped by the well here discussed. (See fig. 3; also p. 83.)

Records are available for the decrease in area of flowing wells
within the Downey quadrangle through 1923. Specifically, this
area initially was 150 square miles and was about 105 square miles
in 1904—a decrease of 30 percent. In December 1923 Lippincott .
measured the depth to water or the pressure head in wells within
the Downey quadrangle. From these measurements he deter-
mined the area of flowing wells as 82 square miles—in the 19
years since 1904 the area had decreased an additional 15 percent
of its initial extent. Thus, it is concluded that the decline in pres-
sure head at well 4/12-26M1, described in the preceeding para-
graph, is greater than the average for the eastern part of Los
Angeles County.

From the record for the Bouton wells, and from data cited
previously on fluctuations of head in the Gaspur water-bearing
zone from 1904 to 1917 and from 1917 to 1926, it is concluded that
in wells tapping the San Pedro formation the water levels of 1917
were about equal to those of 1904. The 84-foot decline of head in
well 4/12-26M1 presumably occurred largely or wholly in the 9
years from 1917 to 1926, whereas in well 4/12-8P1 (Bouton No. 1)
the concurrent decline was about 45 feet.

13 Field notes taken during Mendenhall well canvass of 1903-4, on file at office of Geological
Survey, Long Beach, Calif.

14 Lippincott, J. B., Report on the conditions of the water table in the coastal plain: Private
report to city of Long Beach, April 1924,
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DECLINE AND LOCAL PARTIAL RECOVERY FROM 1926 THROUGH 1944

On plate 3 four of the hydrographs have been plotted to indicate
regional trends in water level within the San Pedro formation from
1926 through 1944. Two hydrographs are for wells in the inland
area of alluvial-fan deposits: (1) well 2/12-16F2, about midway
between the Rio Hondo and the Los Angeles River and about 5
miles north from their junction; and (2) well 3/12-8F1, near the
junction of the same two rivers, but about midway between the
intake area and the Newport-Inglewood uplift and about at the
inland edge of the lagoonal facies of the San Pedro formation. To
avoid confusion with other hydrographs on plate 3, the measure-
ments of water-level at this well have been plotted as disconnected
points. The other two hydrographs are for wells tapping the
Silverado water-bearing zone: (1) well 4/18-12H1, at the north-
west edge of the Signal Hill uplift and about 1 mile inland or
northeast from Cherry-Hill fault of the Newport-Inglewood sys-
tem, which here forms the southwest boundary of the main coastal
basin (pl. 6) ; and (2) well 4/18-23G2, about centrally located in
the Dominguez Gap and 1 mile coastward or southwest from the
Cherry-Hill fault. The record for well 28G2 has been supple-
mented by the antecedent record for well 4/13-21H3, located
1.7 miles to the west and likewise tapping the Silverado zone.

These four wells whose hydrographs have been selected to show
regional trends in water level all tap confined aquifers; the hydro-
graph for each shows fluctuation in the pressure level.

Two additional hydrographs for wells tapping the San Pedro
formation have been plotted on plate 3—for wells 2/13-22D4 and
27B11, west of the Los Angeles River in the Huntington Park area
where several zones with disparate levels are found. Because they
present a local condition they will be discussed elsewhere (p. 92).

Pleistocene deposits of inland area.—Well 2/12-16F2 is 400
feet deep and taps about half the thickness of the Pleistocene
water-bearing deposits there present. Presumably the deposits
tapped are in the central part of the San Pedro formation. The
hydrograph for this well shows a decline and recovery of the
pressure level similar to the decline and recovery in the Gaspur
water-bearing zone at well 2/12-35C1, about 3 miles southeast,
except that the recovery since 1936 has been about 15 feet at well
16F2 as compared with 34 feet at well 35C1. As shown on plates
6 and 7, the Pleistocene water-bearing zones tapped by well 16F2
are being replenished by water moving generally westward from
the recharge area below Whittier Narrows. However, the re-
covery level at this well is controlled not only by the quantity
of water that can move westward from the recharge area but
also by the amount that is being withdrawn from the several

468452 0—59—-7
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large well fields near Huntington Park to the west and in eastern
Los Angeles to the northwest. Because that withdrawal (for
domestic and industrial uses) has increased substantially since
1937, the pressure level has not risen near Huntington Park and
in well 16F2 has risen only about 50 percent as much as in wells
tapping the Gaspur zone within the recharge area.

Situated about centrally between Whittier Narrows and Dom-
inguez Gap and 1 mile southeast of the junction of the Los Angeles
River and Rio Hondo at the County Farm, well 3/12-8F1 is the
deepest well on the coastal plain, although not the well of deepest
casing perforations. Its casing is perforated at intervals from
578 to 1,492 feet below land surface, in deposits of Pleistocene
age and probably exclusively within the San Pedro formation.
The water supply for the County Farm, about 550 acre-feet a
year, is drawn largely from this well. From completion of the
well in 1931 to 1941, the water level was measured about monthly
by the Los Angeles Department of Water and Power; these
measurements give the levels plotted on plate 3 as disconnected
points. If these are compared with the hydrograph for well.8L3,
which taps the Gaspur water-bearing zone about 600 feet to the
south, it is noted that the fluctuations of pressure level in the two
wells have been almost identical. Measurements of depth to
water were not made in well 8F1 from 1941 through 1944, but
measurements by the Geological Survey in 1945 showed that the
pressure levels in the two wells were still almost identical. It is
concluded that for 8 miles or more downstream from Whittier
Narrows and about 4 miles downstream from the recharge area,
since 1936 the pressure head in some of the deeper and confined
aquifers of Pleistocene age has recovered as rapidly as that in the
overlying Gaspur zone. In other words, the increased replenish-
ment of the past 8 years has been effectively transmitted to certain
deeper aquifers of Pleistocene age across at least half the con-
fined reach between the recharge area and the Newport-Inglewood
structural zone. However, evidence not here presented shows that
in well 2/12-33B2, which is less than a mile coastward from the
recharge area and which taps a water-bearing zone in Pleistocene
deposits from 349 to 421 feet below land surface, the pressure
level currently is about 10 to 20 feet below that in adjacent well
33B3 which taps the overlying Gaspur zone—in other words, the
recovery of head in the Pleistocene there has lagged substantially.
Such lagging recovery at certain places within the aquifers of
Pleistocene age is expected owing to the manner in which those
aquifers were deposited—the intricate details of hydraulic con-
tinuity between the several aquifers in this inland part of the
area never have been traced out, and are beyond the scope of the
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investigation here reported. However, no program for increasing
recharge to the coastal segments of the aquifers of Pleistocene
age—especially the Silverado water-bearing zone and the basal part
of the San Pedro formation northeast of Signal Hill—can hope
to be fully effective until the pattern of hydraulic continuity has
been unraveled to the fullest extent commensurate with the
economic benefits sought.

Silverado water-bearing zone.—The hydrographs for wells
4/13-12H1 and 4/13-23G2 show conditions in the Silverado water-
bearing zone a mile on either side of the Cherry-Hill fault of the
Newport-Inglewood system. In well 12H1, on the inland side of
the fault, the water level remained surprisingly stable through-
out the thirties, with the high level of each year about 16 to 19
feet above sea level. No measurements were made from 1941
through 1944 but the high level of 1945 was 18 feet above sea level.
Thus, although this well is only 1.5 miles west of the Bouton well
field (pl. 3, hydrograph 4/12-8P1) and about 2 miles northwest
from the Development well field of the city of Long Beach, both
of which draw chiefly from the Silverado zone, its average water
level has remained about 14 feet above sea level. During this
same period of heavy draft from the Development well field, in
well 4/12-8P1 at the Bouton well field the water level has declined
to about 25 feet below sea level on the average (fig. 8.) These
features of water-level altitudes suggest strongly that some lith-
ologic or structural barrier imposes an hydraulic discontinuity in
the Silverado zone between well 4/13-12H1 and the Bouton and
Development well fields to the east.

In sharp contrast to the changes of water level just described,
the composite hydrograph for wells 4/13-34G2 and 21H3 on the
coast side of the Cherry-Hill fault shows that there the water level
of the Silverado zone declined about 10 feet from 1926 into 1933,
fluctuated but gently recovered to about 40 feet below sea level
between 1933 and 1939, declined gently into 1942, and then fell
rapidly in the war period since mid-1942. As of the end of 1944
the water level was 60 feet below sea level and nearly 80 feet
lower than at well 12H1, only 2 miles to the north but across the
Cherry-Hill fault. As discussed in a report by Poland, Garrett,
and Sinnott (1944), the so-called west basin on the coast side of
the fault is greatly overdrawn, and the decline of water level here
described is common to most wells that tap the Silverado zone or
its westward equivalent.

These contrasts indicate an abrupt break in hydraulic gradient
within the Silverado zone across the Cherry-Hill fault. Thus, the
high water levels of 1932, 1936, and 1941 show hydraulic gra-

dients of 9, 7, and 9 feet per mile, respectively, between wells
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3/12-8F1 and 4/18-12H1 within the inland or main basin, where-
as they show a uniform apparent gradient of 25 feet per mile
across the fault—that is between wells 4/13-12H1 and 23G2.
Doubtless this steep apparent gradient occurs largely as an abrupt
discontinuity at the Cherry-Hill fault, which may have been as
great as 35 feet before 1942 and which now may approach 60 feet.
The great disparity between the pressure level in the Silverado

water-bearing zone and that in the overlying Gaspur water-
bearing zone within the Dominguez Gap is shown by the hydro-
graphs for wells 4/18-14L1 and 23G2. Although these wells are
less than a mile apart, as of late 1944 the pressure level in well
23G2 was about 60 feet below that in well 14L1. As has been
discussed elsewhere (Piper, Garrett, and others, 1953, p. 195-197)
owing to this great disparity in pressure levels there is danger of
saline water entering the Silverado zone from the grossly con-
taminated overlying Gaspur zone.

CHANGES IN AREAS OF DISPARATE WATER LEVELS

HUNTINGTON PARK AREA

In the Huntington Park area, in the vicinity of wells 2/13-22D4
and 27B11, three major and one minor water-bearing zones are
tapped by wells. In downward succession from land surface,
these are:

1. The westerly arm of the Gaspur water-bearing zone of Recent age, tapped
by wells from 70 to 160 feet below land surface but erratic in thickness. Its
extent is shown on plates 5 and 6. It is highly permeable and yields as much
as 2,000 gpm to single wells, about twice as much as any underlying zone.

2. A zone which spans several layers of sand or gravel in the Pleistocene
deposits, generally ranging from 200 to 450 feet below land surface but at
shallower depth where the westerly arm of the Gaspur zone is not present.
This minor water-bearing zone is cross connected with the overlying Gaspur
arm by many wells which are from 350 to 500 feet deep and in which the
casings have been perforated in both zones—for example, at least four such
wells occur in the 40-acre tract 2/13-27B.

3. A major zone in the upper part of the San Pedro formation and about
500 to 1,000 feet below land surface, spanning several thin layers of gravel or
of sand and gravel, interbedded with silt and clay. This zone, which will be
called the “middle” zone in further reference, yields as much as 1,000 gpm to
single wells.

4. A major zone in the lower part of the San Pedro formation, ranging from
1,230 to 1,600 feet below land surface. This zone also spans several layers of
sand and gravel from 10 to 50 feet thick and is interbedded with silt or clay.
It will be called the “lower” zone in this discussion. It yields as much as 750
gpm to single wells.

A non-water-bearing layer of silt or clay oceurs rather con-
sistently from about 1,050 to 1,230 feet below land surface and
separates the middle and lower water-bearing zones. The great



REGIONAL GROUND-WATER CONDITIONS 93

difference between pressure levels in the overlying and underlying
water-bearing zones strongly suggests that this impermeable body
is extensive. Of the three major zones the middle zone currently
is the most heavily pumped but the lower zone also yields a sub-
stantial withdrawal for public supply.

So far as known to the writer, distinct water-bearing zones in
the Huntington Park area were first discriminated by Alexander %
after well 2/13-28G2 (Miramonte well 1 of the Southern Cal-
ifornia Water Co.), had been test pumped and sampled in all main
aquifers as drilling progressed. The zonation has been confirmed
by a score of logs for deep wells and by disparate water levels in
wells tapping aquifers of dissimilar depth. On the basis of re-
view by the writer, however, the water-bearing zones of the area
have been divided into four elements rather than into three as
by Alexander.

Fluctuation of water level in the middle zone is shown on plate
3 by the hydrograph for well 2/13-22D4; that in the lower zone,
by the hydrograph for well 2/18-27B11. These wells are about
a mile apart and 0.3 mile or less east of Alameda Street. Each is
one of several active wells in two separate, heavily pumped well
fields. Nevertheless, so far as known, they furnish as good a
record as is available for water-level fluctuation within the two
major Pleistocene water-bearing zones of this district.

In well 2/13-22D4, early in 1929 the water level was about 96
feet above sea level and about 10 feet below that in well 2/12-16F2,
about 5 miles east. From 1929 to 1936 the water level declined
in both wells, but more rapidly in well 22D4; this decline followed
the general downward trend of water levels throughout the Long
Beach-Santa Ana area at that time. However, since 1936 the
water level in well 22D4—that is, in the middle zone—has not
followed the general recovery of pressure head elsewhere but has
remained low; as of 1944 it was only about 55 feet above sea level,
and almost 40 feet below that in well 16F2.

In well 2/13-27B11, the water level was about 60 feet above
sea level in 1930-31, declined slowly into 1984, dropped about 30
feet into 1936, was about constant and nearly 30 feet above sea
level into 1942, and declined another 10 feet in the next 3 years.
. This continued loss of head in the lower water-bearing zone also is
contrary to the general recovery of pressure head elsewhere, even
more so than the stable low head in the middle water-bearing
zone. The withdrawal from this zone has been increased sub-
stantially since 1936 by the construction of several wells ranging
from 1,300 to 1,600 feet in depth, especially those -cempleted by

1 Alexander, L. J., Character, quality, and treatment of well waters on the Los Angeles
Coastal Plain: Unpublished report presented before the Am. Soc. of Civil Engineers, July 1941.
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the city of Huntington Park and by the Southern California Water
Co. Thus, as of 1944, the pressure level in the lower zone locally
was only about 20 feet above sea level and about 30 to 35 feet
below that in the middle zone. Wells whose casings are perforated
in both zones currently act as conductors of water from the
middle zone to the lower zone except when they are being pumped.
Such a “recharging” well is No. 2/13-23D5, city of Huntington
Park well 11, whose casing is perforated in 12 water-bearing
layers between 480 and 1,534 feet below land surface. Recharging
wells are functioning similarly in the well fields of the city of
Long Beach, about 15 miles to the southeast (pp. 99-101).

In the upper zone of Recent age—the westerly arm of the
Gaspur water-bearing zone—the altitude of water level as re-
vealed by records for well 2/18-28H2 (not plotted on plate 3) was
about 78 feet above sea level in 1932 and about 67 feet in 1944.
Although this upper aquifer once was the main source of water
in that area (Mendenhall, 1905b, pl. 4; 1905¢, pl. 5) and will yield
as much as 2,000 gpm to single wells, it no longer is the main source
because its water has deteriorated greatly in the past 15 years,
principally by an increase in hardness. For example, in well
2/13-28H2, hardness (as CaCO;) increased from about 230 ppm
in 1932 to about 500 ppm in the early forties. Because the water
level in this upper zone now (1945) is from 10 to 40 feet above
that in the middle zone and about 50 feet above that in the lower
zone, any well perforated jointly in the upper zone and in either of
the two major underlying zones will serve as a recharging well
and will conduct hard water from shallow depth into the water of
good quality below. Blakely (1945, p. 111) reports that, to be
assured of water uncontaminated by industrial wastes dumped
into sewer wells, food processing plants in the industrial city of
Vernon (immediately north of Huntington Park) now must in-
stall a “contamination string” of casing to shut off all water-
bearing strata above a depth of 600 feet.

To protect and conserve the very valuable ground-water supply
in the lower two zones near Huntington Park, it is suggested that:
(1) the area of deteriorated water in the shallow zone be deter-
mined and, at least within that area, any wells be repaired that
may feed deteriorated water into the underlying Pleistocene
water-bearing zones; (2) the source of the deterioration be
determined, and eliminated if feasible; and (3) the rate at which
the deteriorated water moves coastward be appraised. Because
the deteriorated water is moving southward through the westerly
arm of the Gaspur zone and eventually will reach the junction
with the main Gaspur zone near Compton, all deeper wells in its
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downstream path should be repaired as necessary to prevent con-
tamination of the Pleistocene zones beneath.

AREA NORTHEAST OF SIGNAL HILL

General relations.—Two major and one minor water-bearing
zohes are tapped by wells in an area northeast of Signal Hill which
includes some 25 square miles and which is bounded roughly on
the east by the San Gabriel River, on the west by the Los Angeles
River, on the southwest by the Signal Hill uplift, and on the north-
east by a line about through Compton and Los Alamitos. In
downward succession from land surface the three water-bearing
zZones are:

1. A minor so-called zone in the unnamed upper Pleistocene deposits and in
the uppermost part of the San Pedro formation. This zone includes many in-
extensive and irregular lenses or tongues of sand and gravel interbedded with
silt and clay, ranging from a few feet to as much as 50 feet in thickness. The
over-all thickness of the zone is from 150 to 300 feet at the Alamitos, Citizens,
and Development well fields of the city of Long Beach but locally is as much
as 500 feet at the northeast edge of the area. Few wells reach more than one
or two water-bearing beds in the zone, but the most productive wells withdraw
several hundred acre-feet a year from it (p. 39).

2. The major zone of the area—specifically, the Silverado water-bearing
zone, which has been described in some detail in the report on geologic fea-
tures (Poland, Piper, and others, 1956, p. 70, 80-83, pls. 4, C-C’, and 8) and
on page 40—44. On the flank of the Signal Hill uplift its top ranges from 100
to 300 feet below land surface and its thickness ranges from 400 to 600 feet;
about 2 or 3 miles to the northeast its top ranges from 300 to 600 feet below
land surface and its thickness ranges from 300 to 700 feet.

3. A lower major zone in the basal part of the San Pedro formation. The
top of this zone is from 700 to 900 feet below land surface at the Citizens,
Alamitos, and Development well fields of the city of Long Beach; it is as much
as 1,360 feet below land surface 3 miles to the northeast, near Carson Street
and Palo Verde Avenue, at well 4/12-14D1 (Commission well 1). As discussed
on page 96 and in tables 12, 13, and 14, it is known to be tapped by only
15 wells. However, it supplies nearly half the current (1945) yearly with-
drawal of ground water by the city of Long Beach.

The local hydrologic relations within the Silverado water-
bearing zone and the water-bearing zone in the basal part of the
San Pedro formation are of interest because:

1. A marked disparity in water levels of the two has occurred during the
period of use; hence, water-level contour maps and hydrographs must be pre-
pared and interpreted with this understanding.

2. As discussed in the report on chemical character (Piper, Garrett, and
others, 1953, p. 45-49), this disparity in water levels at times has induced
downward migration of water from the Silverado zone into the basal zone in
substantial volume, and has changed the chemical quality of water yielded by
the basal zone, at least locally.

3. This downward migration of water exemplifies a method for water con-
servation and for artificial replenishment of water-bearing zones with subnor-
mal pressure—a method which has been operative for many years in m: v
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well fields of the Long Beach-Santa Ana area, but fortuitously rather than
by plan.

4. The Alamitos and Citizens well fields of the city of Long Beach are less
than a mile inland from the Newport-Inglewood structural zone—that is, from
the coastal “barrier” of this investigation. These two fields have produced
many thousands of acre-feet of water since their initial wells were drilled in
1901 and 1908, respectively. Since about 1927, the “static” pressure levels in
the two major water-bearing zones of both fields have been below sea level
most of the time, and the pumping levels in wells commonly have ranged from
20 to 80 feet below sea level. Nowhere else along the inland side of the
barrier have either static or pumping levels been so low, nor has the drop in
head inland across the barrier been so great. Thus, provided the necessary
hydraulic continuity exists, salt water that is native in the Pleistocene deposits
on the coast side of the barrier is likely to be drawn into the wells of these
two fields through their water-bearing zones.

Table 23 shows the dates of completion for the 15 wells tapping
the basal part of the San Pedro formation. The first well 4/12—
20D1 (Development well 1) was drilled in 1904. As of 1923
only three additional wells had tapped this zone and withdrawal
had been small. The first well with the casing perforated in both
the Silverado zone and basal zone of the San Pedro formation, was
well 4/12-28H10 (Alamitos well 7), drilled in 1920. In 1923-24,
seven additional wells were completed to tap the basal zone. Of
these seven, well 4/13-12K1 never has been used; the other six
included two wells each in the Development, Citizens, and Ala-
mitos fields of the city of Long Beach. In four of these wells the
casings were perforated in both water-bearing zones. In 1932-34
three additional wells were drilled by the city of Long Beach to
tap the basal part of the San Pedro formation—Nos. 4/12-14D1
(Commission well 1), 4/12-14P1 (Wilson Ranch well 1), and
4/12-6K1 (North Long Beach well 4). Finally in 1941 the Bixby
Land Co. drilled irrigation well 4/12-22J1 to tap the basal zone.

As table 23 shows, only five wells are known to tap both the
Silverado water-bearing zone and the basal part of the San Pedro
formation. All are within the Development, Citizens, and
Alamitos well fields of the city of Long Beach. Their locations
and relation to other wells tapping the basal part of the San Pedro
formation in these same well fields are shown by Piper, Garrett,
and others (1953, fig. 5).

Withdrawals from the basal zone.—Withdrawal from the basal
zone was light prior to 1923, but had greatly increased by 1924
with the completion of six additional wells. Table 24 indicates
the approximate yearly withdrawal from the basal zone by the
city of Long Beach from 1925 through 1944 ; values for the ante-
cedent years are not available. It will be noted that withdrawal
increased sharply in 1985 following completion of the three wells
4/12-6K1, 14D1, and 14P1. Because several of the producing
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TABLE 23.—Wells tg{pping basal part of San Pedro formation northeast of Signal
ill, arranged in order of date of completion

Well Year com- | Water-yielding Remarks
pleted zone tapped!
4/12-20D1___ _____ 1904 Pb Discontinued in October 1927;
abandoned and filled prior to
1934.
8L2_._____ .. 1913 Pb Never pumped much; discontinued
about 1925.
21L1 .. .___. 1913 Pb Discontinued in March 1932.
28H10._..___ 1920 Ps, Pb Discontinued in April 1923.
21M2________ 1923 Pb
21M4________ 1923 Ps, Pb Only small part of withdrawal
from Pb.
28H1_________ 1923 Pb
28H6._______. 1923 Ps, Pb
17Q1. .. ___. 1924 Ps, Pb | Only small part of withdrawal
from Pb.
20G1.__.____ 1924 Ps, Pb Not pumped since 1935 except in
1939 and 1940.
4/13-12K1________ 1924 Pb Converted oil well, never used for
water supply; water-level re-
corder in operation.
4/12-14D1________ 1932 Pb
14P1________. 1932 Pb
6K1.____.____ 1934 Pb
22J1. ... 1941 Pb

! Ps, Bilverado water-bearing zone; Pb, water-bearing zone in basal Pleistocene deposits.

-TABLE 24.—Approzimate yearly withdrawal, in acre-feet, from the basal water-
bearing zone of the San Pedro formation by the city of Long Beach, also total
withdrawal from all city wells, 1926—44

Withdrawal Withdrawal

Year Basal { All wells Year Basal | All wells
zone 1 zone !

1926, 5,178 14,5606 || 1936. . ... 7,272 15,369

- 3 936 . 7,428 17,116
7,578 16, 568
8, 558 17,323
8,415 17,939

1 Aggregate of withdrawals from wells 4/12-6K1, 14D1, 14P1, 20D1, 21L1, 21M2, 28H1, and 28H6; and
half of that from 4/12—20G1.
wells also tap the Silverado zone, their withdrawal from the basal
part of the San Pedro formation has been approximated by
proration.

Diverse fluctuations of head in the Silverado and basal water-
bearing zones.—The hydrographs of plate 9 contrast the fluctu-
ations of water level in three representative wells tapping the
Silverado water-bearing zone or its stratigraphic equivalent, with
those in three wells tapping the basal part of the San Pedro for-
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mation in the Citizens, Alamitos, and Commission well fields of
the city of Long Beach. Table 25 gives pertinent details for these
six wells. The several hiydrographs all show perennial drawdown
because the public-supply wells of the city of Long Beach com-
monly are operated in rotation—each active well is pumped
continuously for one to several months and then may stand idle
through a like interval. While a well is being pumped contin-
uously, the pump is shut down only once a month for 10 minutes
to one-half hour to obtain a measurement of water level; levels
so measured involve drawdown residual from the antecedent
pumping of the particular well. Even if a well is idle for days or
weeks prior to the measurement, its water level is drawn down
by pumping of other wells. With the exception of observation
well 4/12-28H6, all wells for which hydrographs are plotted on
plate 9 are pumped. Well 4/12-14D1 has been pumped nearly
continuously since its completion in 1932,

With respect to fluctuations of water level in the Silverado
water-bearing zone and in the basal part of the San Pedro for-
mation at the Citizens and Alamitos well fields, plate 9 shows that:

1. At both fields, in the winter of 1924 the pressure level in the basal zone
was above land surface but the pressure level in the Silverado zone was from
5 to 15 feet below land surface.

2. In the 8 years from 1924 through 1931, the pressure level in both zones
declined about 50 feet at a relatively uniform rate, about 6 feet per year,
whereas the level in the Silverado zone remained from 5 to 15 feet the lower.

3. In 1932 and 1933, the pressure level of the basal zone recovered about
30 feet and that of the Silverado zone recovered about 40 feet, so that by mid-
1934 the two were about equal. This recovery developed in response to com-
pletion of nine wells at the Commission, Wilson, and Wise well fields in
1931-32 and a corresponding relief of pumping draft at the older fields. As of
1934-35, the nine new wells were yielding 66 percent of the over-all municipal
draft.

4. From 1934 through 1936, at both fields the pressure level of the basal
zone commonly was a few feet below that of the Silverado zone, although both
levels receded about 20 feet.

5. Beginning in 1937 and continuing through 1944, in the Citizens field the
levels in both zones have coincided very nearly, but have receded a few feet.
In the Alamitos field, however, the pressure level of the Silverado zone has
neither declined nor recovered appreciably but that of the basal zone has de-
clined about 20 feet. Thus, at both the fields the water levels have not fol-
lowed the general recovery of head that took place widely over the Long
Beach—Santa Ana area at this time.

With respect to fluctuations of water level at the Commission
well field:

1. As shown by the hydrograph for well 4/12-183F1 (Commission well 6),
the pressure level of the Silverado zone was about the same in 1932 and in
1944, although it declined into 1937 and then recovered nearly 20 feet from
1937 into 1943. Thus, in this zone, the trend of pressure levels followed the
regional decline and recovery.
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2. As shown by the hydrograph for well 4/12-14D1 (Commission well 1),
the pressure level of the basal zone declined about 30 feet from 1932 into 1936
and has been virtually stable from 1936 into 1944. Thus, it has followed the
trend of the Citizens and Alamitos fields, but not that of the region as a whole.

TABLE 25.—Wells for which hydrographs are plotted on plate 9
[All water-level records supplied by city of Long Beach]

Water-yielding zone or zones Water levels June 30,
1944 2 (feet above
Local designa- | Depth or below (—) sea
Well tion (feet) level)
Feet below Stratigraphic
land surface correlation !
Static | Pumping
Commission well field
4/12-13F1.._..__ Well 6.__...__. 986 490-914 Ps3 16 ..
4Dl ... 1, 668 1, 361-1, 655 Pb —26.9 —83.9
Citizens well field
4/12-21M2__ ___.__ Well 7.__._..... 1,105 725- 962 Pb —31.3 —44.3
M5 b.._.__ 695 208~ 610 Ps —35.4 —67.4
Alamitos well field
4/12-28H1..____. 1,184 756-1, 148 Pb —49.6 —86.6
28H7...__._ 500 170- 494 Ps —24.1 .o ..
28HS....... 273 [¢9] Uppermost part of San
Pedro formation

1Ps, Silverado water-bearing zone; Pb, water-bearing zone in basal Pleistocene deposits.
2 After City of Long Beach, History and annual report, Water Dept., 1943-44: 1944, table 2.
3 Stratigraphic equivalent of the Silverado water-bearing zone.

Circulation between the two zones—Conclusions regarding cir-
culation between the two major water-bearing zones in the area of
disparate levels northeast of Signal Hill should be tempered by
the following considerations:

1. Unless the two zones have physical and hydraulic continuity locally on
the northeast or inland flank of the Signal Hill uplift, circulation of water
must occur chiefly through the five wells whose casings are perforated in
both zones (see table 23). Two of these wells are in the Development field
(Nos. 4/12-17Q1 and 20G1), one in the Citizens field (No.. 4/12-21M4), and
two in the Alamitos field (No. 4/12-28H6 and 28H10).

2. Whenever the two zones are under different pressures water will pass to
the zone of lower pressure through the casings of any of these five potential
“recharge” wells, provided the wells are not being pumped. As stated pre-
viously, the city wells are pumped in rotation, so that at the five wells the
pressures within the two water-bearing zones may change greatly from month
to month.

3. At the potential “recharge” wells the differential head between the two
zones is greatest whenever the zone with the lower static pressure is under
heavy draft but the zone with the greater pressure is under no local draft.
With the draft wholly from the zone with the higher static pressure, the
differential head might approach zero or be reversed in direction. However,
quantitative evaluation of the differential is not feasible from data now avail-
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able; for such evaluation it would be necessary to (1) construet two paired
observation wells close to each “recharge” well, one observation well tapping
each water-bearing zone; (2) obtain records of water levels in the two
observation wells; and (8) by use of a deep-well current meter, establish a
rating curve for circulation through the casing of the recharge well (Living-
ston and Lynch, 1987). Given such data, reasonably accurate values for overall
water-exchange between zones could be derived.

4. For periods when the static levels of the two zones are about coincident
in nearby wells (as shown on pl. 9 by the hydrographs for wells 4/12-21M2
and 21M5 from 1986 through 1944), only the evidence of chemical data (Piper,
Garrett, and others, 1953, p. 45-49) furnishes a clue for inferring the direction
and general magnitude of circulation.

Within the limitations just stated, the hydrographs of plate 9
and the chemical evidence jointly lead to the following conclusions:

1. From 1924 into 1934, circulation through all five recharge wells was
upward from the basal zone into the Silverado zone, under an average differ-
ential head which seems to have been generally about 10 feet. Data on the
specific capacity of wells tapping the basal zone (table 138) suggest that during
the 10-year period, this upward circulation may have been as much as 500 gpm
through each of the two recharge wells most extensively perforated (Nos.
4/12-20G1 and 28H6), when those two wells were not being pumped; also,
that the circulation through the remaining three recharge wells may have
been as much as 250 gpm each, likewise. Thus, through all five wells as much
as 10,000 acre-feet of water may have circulated from the basal zone into the
Silverado zone prior to 1934,

2. In the three recharge wells of the Citizens and Development well fields,
since 1934 any circulation has been downward from the Silverado zone into
the basal zone.

3. In the two recharge wells of the Alamitos well field, from 1934 into 1939
any circulation also was downward from the Silverado zone into the basal
zone. For the period from 1939 into 1943, the hydrographs for wells 4/12-
28H1 and 28H7 show that the nonpumping head in the basal zone commonly
was about 20 feet below that of the overlying Silverado zone, so that sub-
stantial recharge of the basal zone would be expected; however, chemical
evidence suggests that no such recharge occurred. This seeming anomaly is
explained by the history of operation of the Alamitos field—specifically, (1)
in this field only two wells have been pumped since 1939; (2) of these, well
28H1 taps only the basal zone but well 28H6 taps both zones; and (3) since
1939 both these wells have been pumped much more heavily than ever before,
and since 1942 each has been operating more than half the time. Thus,
although recharge to the basal zone doubtless has been taking place through
well 28H6 when its pump was idle, evidently the quantity of recharge was
much less than the total withdrawal, so that the water feeding from the
Silverado zone into the basal zone through well 28H6 was withdrawn from
this same well before any reached well 28H1. Because the other potential
recharge well in the Alamitos field, No. 28H10, has not been pumped since
1923, the conclusions just reached would suggest that it is sanded up or for
some other reason has failed to recharge the basal zone.

4. For reasons given before, the over-all recharge from the Silverado water-
bearing zone to the basal zone in the 10 years from mid-1934 to mid-1944
cannot be estimated accurately. However, figures on production from the
individual wells indicate that in the 10-year period the wells tapping the basal
zone have withdrawn from that zone at least 10,000 acre-feet of water whose
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general chemical character suggests an initial source in the overlying Sil-
verado water-bearing zone. Further, about 8,000 acre-feet of this Silverado-
zone water has been yielded by two wells perforated only in the basal zone;
one of these, well 21M2, is 1,000 feet from the nearest potential recharge
well. The amount of water which has passed from the Silverado zone into
the basal zone in the 10-year period must be substantially greater than 10,000
acre-feet, because that Silverado-zone water would have to occupy the basal
zone over a large acreage before any could reach remote wells such as 21M2.
It is probable that in this period the recharge from the Silverado zone to the
basal zone has been about 20,000 acre-feet. However, unless other avenues of
recharge are open in addition to the five recharge wells now known, many
years will elapse before water from the Silverado zone could reach wells
4/12-14P1 (Wilson well 1) and 14D1 (Commission well 1), which tap the
basal zone about 2 and 2.5 miles, respectively, northeast of the recharge wells.

CHANGES IN GROUND-WATER REGIMEN IN ORANGE COUNTY

CHANGES IN THE TALBERT WATER-BEARING ZONE
DECLINE OF HEAD AND DEWATERING PRIOR TO 1930

Plate 8 shows profiles of the ground-water level at selected time
intervals from the eighties into 1941, plotted from measurements
in representative wells tapping the Talbert water-bearing zone.
These profiles are alined along line B-C-D of plate 6, which is
modified somewhat from line E-E’ of plate 7 in the report on
geologic features (Poland, Piper, and others, 1956). For the
inland reach near Anaheim, the approximate position of the water
table in the eighties has been indicated on plate 8 according to
information from Mendenhall’s field notes of 1903-4. Also, for the
reach coastward from Bolsa Avenue, the pressure level of 1903-4
has been drawn from basic data contained in these same field
notes.

At least in the 6-mile segment of the Talbert zone extending
inland from well 4/10-27Q1 to well 4/9-5M2, between the eighties
and 1904 the water level declined about 40 feet. In most part this
decline represented a change in storage because it occurred chiefly
in the intake area. Presumably it developed largely in response to
discharge from several hundred flowing wells sunk to tap the
confined segment of the Talbert zone. As of the eighties, the
Talbert zone was saturated in the vicinity of well 4/9-TB1 near
Olive; by 1904 it was about half dewatered. Also as of the eighties,
the reach of flowing wells extended inland about 11 miles or about
2 miles beyond Garden Grove; by 1904 it had retreated 3.5 miles
or about to Bolsa Avenue.

Coastward from Bolsa Avenue the pressure gradient of 1904
was uniformly about 7 feet per mile, and the pressure level was
about 3 feet above the ocean at the coast. Clearly, considerable
water then was escaping from the Talbert zone at and nearshore,
and virtually all such escape occurred less than a quarter mile
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offshore. Therefore, the nearshore deposits between the top of
the Talbert zone and the ocean bottom are continuously permeable.
Such facility for escape of fresh water when its head is above sea
level affords equal facility for landward advance of ocean water
whenever the pressure head in the Talbert zone is drawn down
below sea level.

From 1904 into 1980, the water level declined as much as 60
feet at well 4/9-TB1, near Olive; 30 feet at well 5/10-9D1, a mile
south of Garden Grove; and about 14 feet at well 5/10-32C1, at
Talbert Avenue within the Santa Ana Gap. However, from the
long-term hydrograph for well 4/10-22L1 near Anaheim, it is
concluded that the water level of the Talbert zone did not recede
from 1904 to 1917 and that the decline shown by plate 8 occurred
wholly in the ensuing 18 years—that is, in a period of very
deficient rainfall. (See fig. 8.) In that 18-year period the average
rate of decline was nearly 5 feet per year east of Anaheim, about
2.8 feet per year at Garden Grove, and 1 foot per year near the
coast. As of 19380 the Talbert zone had been entirely dewatered at
well 4/9-7B1 and partly dewatered to about half a mile coastward
from Highway 101.

DECLINE AND RECOVERY OF HEAD, ALSO DEWATERING AND RESATURATION FROM
1930 THROUGH 1944

Plate 4B includes hydrographs for four wells which tap the
Talbert water-bearing zone and which span the reach from the
mouth of the Santa Ana Canyon to the coast. The hydrographs
show water-level fluctuations beginning in 1930 or earlier and
extending through 1944. For the inland segment of the Talbert
zone they cover an early record for well 4/10-26C2, to extend the
record for well 26C1. Three of these wells are inland from the
Newport-Inglewood fault zone and one, well 6/11-13G2, is coast-
ward from the main fault and 0.8 mile from the ocean. (See pl. 6
for location and table 22 for other pertinent details.)

From 1930 into early 1986 heavy withdrawals and several years
of low runoff and slight recharge caused the water level of the
Talbert zone to fall about another 25 feet (4 feet a year) within
the 6-mile segment from Anaheim Boulevard to Garden Grove
Boulevard (pl. 8), 14 feet at Talbert Avenue, and 7 feet at well
6/10-7L1 near Atlanta Avenue and Bushard Street—that is, the
amount of decline diminished coastward. During 1936 about
180,000 acre-feet of ground water was withdrawn in Orange
County; or about 30 percent more than the average yearly with-
drawal from 1932 through 1941. Under this excessive draft, dur-
ing the pumping season of 1936 water level declined still another
15 to 20 feet through most of the reach of the Talbert zone. At
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the historic low-water level of autumn 1936 (see pls. 4B, 5, and 8)
the hydraulic gradient was landward about 2.5 miles from the
coast, or about to well 6/10-7TB1 near Adams Avenue; there the
water level receded temporarily to 16 feet below sea level. At that
time the pressure level in the Talbert zone was below sea level
inland to within a mile of Garden Grove; also, that water-bearing
zone was partly dewatered from Garden Grove inland about 6
miles, and was completely dewatered beyond well 4/10-13B2. At
well 4/9-7TB1 the water level was 140 feet below that of the
eighties, 60 feet below the base of the Talbert zone, and only 10
feet above sea level. Plate 5 shows that in Orange County as of
September 1936 the water level was below sea level in nearly all
the Irvine alcove, in most of the area from the coast inland to
Garden Grove and Buena Park—in all, it was below sea level for
about 155 square miles. Throughout half that area, levels were
more than 5 feet below sea level. So far as known, however, all
the area coastward from the sea-level contour of that date was
within the confined-water reach and thus the excessive lowering
did not represent appreciable change in storage.

The increased precipitation in the wet years following 1936
lessened the draft and increased the recharge, especially in 1938
and 1941. The effect of increased recharge is shown prominently
on the hydrograph for well 4/9-7B1 (pl. 4B) which is only about
0.3 mile from the Santa Ana River and whose water level responds
rapidly to streamflow. By 1941 (high level for the year) recharge
had been sufficient to resaturate temporarily nearly half the thick-
ness of the Talbert zone at this well. Coastward from U. S. High-
way 101, the average rise in water level from 1936 to 1941 (high
level for each year) was about 8 feet along profile B-C-D. Because
this rise was almost exclusively within the confined reach of the
Talbert zone it did not represent appreciable change in storage
but it did substantially increase the ground-water head which
retards ocean-water encroachment into the Santa Ana Gap. As of
the spring of 1941, within the Santa Ana Gap the water level
ranged from about 17 feet above sea level at the inland end to
about 3 feet above sea level at the coast (pl. 6) ; also, wells flowed
in a strip about 0.8 mile wide extending from Garfield Avenue
coastward about 8 miles or to within about 0.4 mile of the shore.
Subsequently, into 1944, the reach of flowing wells extended only
slightly.

CHANGES IN THE DEPOSITS OF PLEISTOCENE AGE

DECLINE OF HEAD PRIOR TO 1930

Beyond the Talbert water-bearing zone and the “80-foot gravel”
of the Bolsa Gap, in Orange County ground water is withdrawn
almost exclusively from deposits of Pleistocene age. Although a
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substantial part is pumped from the upper Pleistocene deposits,
probably a much larger quantity is taken from the underlying San
Pedro formation.

In the intake area near Anaheim the initial water level in the
aquifers of Pleistocene age is believed to have been about equal to
that in the overlying Talbert water-bearing zone. As noted ear-
lier (p. 75), a composite hydrograph beginning in 1907 is available
for two wells of the city of Anaheim (Nos. 4/10-15B5 and 15B1)
which tap aquifers of Pleistocene age beneath the Talbert zone.
This hydrograph nearly coincides with that for well 4/10-22L1
(J. B. Neff well) which tapped the Talbert zone; thus free hydrau-
lic continuity between the two zones is indicated. Therefore, the
graph of water-level fluctuations in the group of wells near Ana-
heim (fig. 8) is representative for the Pleistocene deposits of the
intake area since 1907 and is inferred to be representative since its
beginning in 1894.

Beneath most of the coastal plain in Orange County, however,
the water body in the Pleistocene deposits is confined and little is
known concerning its initial head. Mendenhall (1905a, pls. 6, 7;
1905b, pl. 4) has shown the initial extent of the area of flowing
wells (pl. 6) together with the extent as of 1903-4. Initially this
area of flowing wells extended inland about 10 miles from the
mouth of the Santa Ana Gap, or about to the confluence of San-
tiago Creek and the Santa Ana River. As of 1904, the pressure
level had been drawn down below land surface in the vicinity of
Garden Grove and the reach of flowing wells extended inland only
about 6 miles from the ocean. In the western part of the county
the area of flowing wells initially extended inland some 11 miles,
from Landing Hill to and beyond Buena Park; here no recession of
the area had occurred as of 1904. For the eastern part of the
county, Mendenhall’s field notes yielded information on the initial
pressure head for one well on Newport Mesa (No. 1210, Santa Ana
quadrangle; in 6/10-10A). This well was drilled in 1886 and
probably was the first to tap the principal water-bearing zone of
Newport Mesa. When visited in 1904 it was flowing only a trickle
but its pressure surface reportedly had declined 50 feet in the 18
years since 1886. Because the land-surface altitude is about 56
feet, the initial pressure surface apparently was about 106 feet
above sea level.

From 1904 to 1930, in the forebay area near Anaheim the water
level in wells tapping deposits of Pleistocene age has fluctuated as
in well 4/10-22L1 (fig. 3). Thus, in that area the water level was
virtually stable from 1904 into 1917, and then declined about 60
feet from 1917 to 1930.
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For the western part of the county, and for the deeper wells
south of Lincoln Avenue, Mendenhall’s field notes show that as of
August 1908 the pressure heads ranged from a few feet to as much
as 20 feet above land surface. No measurements are available for
the ensuing two decades but in December 1928 Lippincott ¢ made
extensive measurements of depth to water or of pressure head
within the central part of the coastal plain. From those measure-
ments the boundary of the area of flowing wells in western Orange
County was drawn by Lippincott about half a mile inland beyond
Orangethorpe Avenue or about 10 miles from the coast. Thus, the
inland margin of this area had retreated only 1 to 2 miles between
1904 and 1923. However, in the 5 years from 1923 to 1928 the
decline in level was so great that about all wells within the coastal
plain ceased to flow. Thus, in those 5 years, along the county
boundary the area of artesian flow retreated about 9 miles.

Post (1928, map 5) prepared a map of Orange County showing
irrigated areas as of 1888, 1904, 1912, and 1927. His map indi-
cates that in the area south of Lincoln Avenue and west of Stanton
and Westminster as of 1912 only about 2 square miles of land was
irrigated, whereas by 1927 the irrigated area had increased to
about 18 square miles. It is inferred that most of the increase
occurred after 1918, and that a substantial part of the land was
put under irrigation after 1923. The rapid lowering of water level
in western Orange County from 1923 into 1928 probably was
caused in large part by the increasing draft of ground water re-
quired to irrigate the land brought under irrigation in a period of
deficient rainfall.

In the southeastern part of the county—specifically, in the
northern part of Newport Mesa and north to Santa Ana—as of
May 1904 about all wells flowed and for the deeper wells, those
from 200 to 400 feet deep, the water level ranged from a few feet
to as much as 24 feet above land surface. In the vicinity of Baker
Street on the northern part of the mesa, the pressure level was
about 12 feet above land surface. As of June 1922, the pressure
level in the principal water-bearing zone here was 6.5 feet above
land surface (well 6/10-8H2). Also, 2 miles to the north, about
at the intersection of Talbert Avenue and Fairview Road, the pres-
sure level was 15 feet above land surface in May 1904; and was
still 8 feet above land surface in June 1922 (at well 5/10-27R3).
Thus, from 1904 into 1922 the pressure level declined only a few
feet. By 1928, however, all wells in southeastern Orange County
had ceased to flow and in wells tapping the principal water-bearing

18 Lippincott, J. B., Report on the conditions of the water table in the coastal plain: Private
report to city of Long Beach, April 1924.

468452 0—59 8
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zone of Newport Mesa the water levels were from 10 to 30 feet
below land surface.

DECLINE AND RECOVERY OF HEAD FROM 1830 THROUGH 1944

Western part of county.—Plate 44 includes hydrographs for
three wells plotted to show change in water level within the San
Pedro formation in the western part of Orange County from 1930
through 1944. One of these, well 5/11-16D2, is 2.5 miles inland
from the coast at Sunset Beach ; the second, well 4/11-19K1, is at
Los Alamitos, 5.3 miles from the coast; the third, well 3/11-36Q2,
is about 1 mile east of Buena Park, about 11 miles from the coast
and near the inland margin of the coastal plain (pl. 6). Records
for each well have been extended back a few years by plotting ear-
lier records for wells 5/11-16A1, 4/11-19M1, and 3/11-31R2, re-
spectively. All tap confined water in the main coastal basin. As
indicated in table 22, wells 3/10-31R2 and 4/11-19M1 are believed
to tap deposits of late Pleistocene age but the other four wells
probably tap the upper part of the San Pedro formation.

These hydrographs, which are believed to be representative for
the deeper wells of western Orange County, all show water levels
declining steadily from 1930 into 1936, concurrently with the de-
cline of head in the Talbert water-bearing zone, previously de-
scribed. Based on the high level of the year, the decline ranged
from 25 feet at well 3/11-36Q2 to 10 feet at well 5/11-16D2. In
the autumn of 1936 the water level in well 3/11-36Q2 was only
about 3 feet above sea level and about 10 feet above the level in
well 5/11-16D2. 1In the 8 years from 1936 through 1944 the pres-
sure level recovered only moderately in all three wells—about 17
feet in well 3/11-36Q2, about 9 feet in well 4/11-19K1, and about
8 feet in well 5/11-16D2. In 1944, however, the water level in
well 16D2 was above sea level throughout the year, for the first
time since 1929.

Two of the three wells (Nos. 36Q2 and 19K1) tap the west edge
of the alluvial fan built by the Santa Ana River and its tributaries
during Pleistocene and Recent times; also, they are 7 and 11 miles
west, respectively, from the river. The more southerly of the two,
well 19K1, is about midway between and about 11 miles from the
two intake areas which receive direct percolation from the Santa
Ana and the San Gabriel Rivers. Thus, the fluctuations of its
water level might correlate with the recharge effects of either
stream. The water-level contours of plate 6 indicate that replen-
ishment from the intake area below Whittier Narrows has substan-
tial effect about to the Orange County boundary, but little or no
effect beyond. However, in neither of the two wells did the water
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levels react sharply to the increased replenishment from high
streamflow in 1938 and to the excessive rainfall in 1940-41.

Newport Mesa and vicinity.—To show fluctuations in water level
from 1930 through 1944 for the two water-bearing zones of New-
port Mesa, hydrographs for three wells are plotted on plate 4C.
One of the three, well 6/10-1L2, taps the deposits of late Pleisto-
cene age which extend to about 250 feet below land surface (table
22) ; the other two wells, 6/10-3H2 and 11G2, tap the underlying
principal water-bearing zone within the San Pedro formation.

As shown by the full record for well 6/10-1L2 (Mendenhall No.
1356, Santa Ana quadrangle), the water level in the upper Pleisto-
cene deposits was initially a pressure level many feet above land
surface. In May 1904 this well was flowing 9 miner’s inches (80
gpm). In the spring of 1923, its pressure level was at land surface
and 40 feet above sea level. Then, as indicated by the hydrograph,
its level declined 15 feet from 1923 into 1926, declined another 8 or
10 feet from 1927 into 1936, remained almost constant and about
20 feet above sea level through 1940, rose about 5 feet in 1941, and
subsequently has declined somewhat. For these upper Pleistocene
deposits the withdrawal is light and the average yearly range of
head is only about 8 feet. Because the pressure level initially was
many feet above land surface and the gradient was coastward, re-
plenishment to these deposits must be derived mainly from distant
sources such as the recharge areas on the alluvial fans of the Santa
Ana River and Santiago Creek. However, the rapid rise of the
water level in well 112 in January 1932 and January 1941, follow-
ing substantial rainfall in the respective preceding months, sug-
gests that some local replenishment may occur. Also, the recent
deterioration in the chemical quality of the water (Piper, Garrett,
and others, 1953, p. 162-166) suggests that some recharge may be
derived from overlying sources. Whatever the source of replenish-
ment, the hydrograph for well 1L2 and the records for other wells
agree in indicating that during the past 14 years—that is, from
1930 through 1944—in these upper Pleistocene deposits the replen-
ishment has been nearly equal to withdrawal.

With respect to fluctuations of head in the principal water-bear-
ing zone of Newport Mesa, the hydrograph for well 6/10-3H2 is
representative. Although used for irrigation the well probably is
not pumped heavily enough to affect seriously its utility as an index
well. As discussed on page 105, at or near this well the pres-
sure level declined only slightly from 1904 into 1922; from June
1922 to March 1930, however, it declined 86 feet. The hydrograph
suggests that nearly two-thirds of the decline occurred between
1928 and 1980. From 1930 into 1983 the level rose slightly, de-
clined about 14 feet into 1936, rose about 4 feet into 1937, was
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about constant into 1940, rose 6 feet in 1941, and then remained
virtually constant through 1944.

Because of the deteriorated quality of the water in the upper
Pleistocene deposits which overlie the principal water-bearing
zone, it is pertinent to point out that in the twenties the pressure
level in the two zones was about equal, but that from 1932 through
1940 the level in the principal water-bearing zone was about 20
feet below, and in the early forties was about 15 feet below the
level in the upper Pleistocene deposits. Thus, any idle well whose
casing is open in both zones would act as a conduit transmitting
deteriorated water from the upper Pleistocene deposits downward
into the principal water-bearing zone, whose native water has been
of good quality. Hence, for the future protection of that zone, it is
suggested that wells drilled to tap it be constructed so as to seal off
the aquifers in the upper Pleistocene deposits; that wells now
active be kept in good repair; and that wells to be abandoned be
plugged with cement between the two water-bearing beds.

In the autumn of 1941 wells 6/10-11B1 and 11B2 were drilled
into the principal water-bearing zone to supply water for the then-
proposed Santa Ana Army Air Base. These wells are about 0.6
mile south of Baker Street and immediately west of Newport
Boulevard. Withdrawal began in April 1942 and has been con-
tinued into 1946. In March 1943 the Air Base began taking water
from wells 6/10-11G1, 11G2, and 10N1 also. The latter three wells
had been utilized through 1941 for irrigation on the Golden West
Ranch, but were not pumped from 1941 to March 1943, They like-
wise tap the principal water-bearing zone, so that all withdrawal
by the Air Base has been from that zone. The monthly withdrawal
through 1944 is plotted on plate 4C. The total withdrawal from
April through December 1942 was 640 acre-feet, in 1943 was 1,688
acre-feet, and in 1944 was about 1,680 acre-feet—that is, about
3,900 acre-feet was withdrawn in 3 years. Of this amount, about
3,700 acre-feet was pumped from the four wells 11B1, 11B2, 11G1,
and 11G2—all within a 10-acre area. The withdrawal for irriga-
tion by the Golden West Ranch in the 10 years ending in 1941 has
been estimated as about 500 acre-feet per year. Thus, the draft of
1942-44 was about 2,400 acre-feet greater than the antecedent
draft for irrigation during a like period.

The hydrograph for one of the four closely spaced wells at the
Air Bage, No. 6/10-11G2, has been plotted on plate 4C to show the
effect of the concentrated pumping on the water level at well 6/10-
3H2, which is 1.1 miles to the northwest. The hydrographs for
both wells show a peak level in 1942 about 16 feet above sea level.
The graph for 11G2 shows immediate and continued drawdown
from the pumping at the Air Base, such that by the spring of 1944
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its water level was about at sea level. However, the graph for
3H2 suggests that at that well the water level was not drawn down
more than a few feet by the pumping. In the spring of 1944 its
level was 13 feet above sea level and, accordingly, 13 feet above
the level in 11G2.

The graphic record presented demonstrates the great water-
yielding capacity of the prihcipal water-bearing zone of Newport
Mesa and vicinity. As discussed on pages 53-55, this zone has a
known extent of at least 16 square miles. Only because it is so
extensive, exceptionally thick (521 feet at well 6/10-1E2), highly
permeable, and freely recharged, could the removal of 1,600 acre-
feet of water per year from one 10-acre tract have so little effect
on water level in a well a mile away.

While the Air Base was operating under peak load, local agen-
cies raised the question of whether its concentrated pumping was
drawing water levels down in the Santa Ana Gap, where a satisfac-
tory balance between fresh water and sea water is the critical con-
trol on saline encroachment. The evidence presented here, and the
known geologic structure both indicate that the heavy draft from
the principal water-bearing zone at the Air Base in the war years
1942-45, inclusive, had no immediate effect on the water levels in
Santa Ana Gap. With respect to the long-time adjustment of
water levels, the removal of about 3,800 acre-feet of ground water
anywhere within the coastal plain in Orange County ultimately
will draw water levels down throughout a wide area. However,
the area is so extensive that the ultimate drawdown in the Santa
Ana Gap probably would be no more than a few tenths of a foot.
Full adjustment of the water level in the gap probably would lag
for years, but might be reached in a highly critical period when
water levels in the gap were at or below sea level. Therefore, in
the interest of ground-water conservation in the county, it is sug-
gested that such additional drafts on the ground-water supply be
discouraged except in times of great emergency, and when no other
source is available.

GROUND-WATER DISCONTINUITY AT LOWER END OF
SANTA ANA CANYON

During a substantial part of the period of declining water levels
that culminated in 1936, a striking discontinuity in water levels
developed in the lower part of the Santa Ana Canyon near Atwood.
From the nature of this discontinuity as revealed by hydrologic
data, it is inferred to be a barrier caused by faults—probably by
the intersection of two (or more?) faults. Its inferred position is
shown on plates 5 and 6. On plate 8 this barrier is shown between
wells 4/9-5A1 and 3/9-33N3; the water-level profiles of 1936 sug-
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gest a water-surface offset of as much as 80 to 100 feet across the
barrier. Other records not here plotted suggest an offset of about
60 feet in 1930. On the other hand, the profile for 1941 (high
level) suggests no offset as of that date.

Thus, from the hydrologic data now available, it is tentatively
concluded that a substantial barrier to movement of ground water
lies athwart the mouth of the Santa Ana Canyon; also, that this
barrier partly dams coastward circulation through the water-
bearing beds of Pleistocene age, but offers little or no impedance to
circulation in the overlying Talbert water-bearing zone (which is
of Recent age).

With respect to replenishment in the intake area east of Ana-
heim, it would seem advisable to obtain as much factual informa-
tion as possible concerning the location, extent, and physical
character of this barrier. Because the barrier restrains free move-
ment of ground water from the canyon to the intake area, water
levels immediately to the west at times are drawn down to within
10 to 20 feet above sea level, as in 1936.

Maintenance of water level at a substantial altitude above sea
level in the intake area would be an aid in maintaining the pres-
sure level above sea level near the coast. Possibly recharge wells
could be drilled through this barrier to feed water by gravity from
the canyon (upstream) side to the intake (downstream) side—to
build up the water table in the intake area, and to increase the
ground-reservoir capacity available within the lower canyon. By
this means it might be possible to salvage part of the flood waters
of the Santa Ana River, which otherwise would escape to the
ocean—that is, salvage by increased ground-water storage in
Orange County. However, the feasibility of any such program
would depend upon (1) the capacity of the storage basin upstream
from the barrier and (2) the amount of water available for sal-
vage. At present the Santa Ana River is so fully utilized that in
a dry period the yearly waste to the ocean is very small. It is
assumed commonly that the flow gaged at Santa Ana measures
waste to the ocean because that gaging station is about at the
lower edge of the intake area of free percolation. In the 9 water-
yvears from 1928 through 1936, inclusive, the average river dis-
charge at Santa Ana was 2,166 acre-feet per year. The maximum
discharge was 7,850 acre-feet in 1932 and the minimum discharge
was 102 acre-feet in 1929. Since that time the Prado Dam has
been constructed at the upper end of the Santa Ana Canyon.to reg-
ulate the flood flow. Therefore, in a future period of rainfall
equal to that of 1928-36, the waste to the ocean may be even
smaller. Thus, presumably only in periods of normal or above-
normal rainfall might additional water be salvaged by breaching
the inferred barrier at the lower end of the canyon.
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WATERTIGHTNESS OF THE NEWPORT-INGLEWOOD
STRUCTURAL ZONE

METHODS OF APPRAISAL

The effectiveness of the Newport-Inglewood structural zone as a
barrier to the inland movement of salt water from the ocean is the
most critical element of this cooperative investigation. In a quali-
tative sense, its watertightness can be appraised separately by
geologic, geochemical, and hydrologic evidence. However, quanti-
tative estimates of underflow across the barrier features must be
made largely on hydrologic evidence. At places where the hydro-
logic evidence shows that the structural zone affords effective bar-
riers to water movement, presumptive confirmatory evidence com-
monly is supplied by geologic and by geochemical data. On the
other hand, at places where hydrologic evidence shows little or no
restraint on water movement, geologic and geochemical data may
not furnish conclusive evidence. In either case, however, quanti-
tative estimates of underflow across the structural zone must
depend not only on the basic hydrologic elements, gradient and
permeability ; but also on the basic geologic factors, physical char-
acter of the deposits and area of permeable saturated cross section.

The geologic and geochemical evidence relating to the barrier
features of the Newport-Inglewood structural zone has been dis-
cussed elsewhere (Poland, Piper, and others, 1956, p. 119-126;
Piper, Garrett, and others, 1953). The following pages introduce
the hydrologic evidence pertaining to the effectiveness of the struc-
tural zone as a barrier to water movement. This effectiveness is
evaluated chiefly from simultaneous water-level fluctuations in one
or more wells on opposite sides of known or inferred faults along
that zone. Selected data collected or assembled as a part of this
investigation are presented in nine pairs or sets of hydrographs
which follow ; plate 6 shows the locations of the wells for which the
hydrographs were plotted. Certain features of ground-water cir-
culation which have been described earlier in this report also are
critical in this evaluation; attention will be drawn to them as
pertinent. The hydrologic evidence will be discussed separately
for Los Angeles County on the northwest and for Orange County
on the southeast.

HYDROLOGIC EVIDENCE

LOS ANGELES COUNTY

For Los Angeles County, figure 4 and plates 10 and 11 show
hydrographs for four wells tapping deposits of Recent age along a
profile about at right angles to the coast and through the Domin-
guez Gap; for two groups of three wells each, showing conditions
within the San Pedro formation in the Dominguez Gap and across



*87—3¥61 ‘Ouoz SulIvaq-I3)em Indsen ay) Surdde} den zonBuiwIo(f UI S[PM JNOJ I0J SYARIBOIPA~—'F FUNOLI

L~ onEe1 ~—~—

TR TS °

T e ——

Aanung (edi8ojoeny Aq
pajesodo Japi03as WOY Sj9A9) uoou Aleq  ZWEZETY {21

ZY61 Jequadaq saye

Kanng _3&0”80 £q pejesado Jopiosal Eoz
m_osu_ uooy __uM. Zb61 Jequisdeq o)

uno) ssfeluy S0 E.u

..88 __3 10 Ao Aq suowainsesw Ao TWT-ETA —{O!

Aaning [eaBojoen Aq .
pajesado 1apioda) WY S[9AS| UoOU Kjeq L1 4
yoeag Buo o Ao Aq SuawaInseaw iyosm  TQ9E-ET/E

40334 J0 30IN0S Pue JBjoRIRYD oM 92
NOILYNVIdX3

2

2c

HYDROLOGY, LONG BEACH—SANTA ANA AREA

e O\ b

112

HOUY A¥vuE3d E¥EI AUYINVE | 2¥61 30|  YIGNIAON ¥380190 Y3N3Ld3s Asnonv A INne Avn

1334 NI'30VAINS ¥31VM 40 3aNLILV



WATERTIGHTNESS, NEWPORT-INGLEWOOD STRUCTURAL ZONE 113

the Signal Hill uplift; and for four wells, which also tap the San
Pedro formation, along a profile through the Alamitos Gap (pl.
11). Pertinent hydrologic data are given in table 26.

TaBLE 26.—Wells in Los Angeles County for which hydrographs are plotted on
figure 4 and plates 11 and 12

Water-yielding zone or zones Agency
supplyin;
Well Depth (feet) prine (1{':
Feet below land Zone or formation record !
suriace
3/13-36D1..._.. 200 ... Gaspur water- LB
bearing zone
4/12-18R1______ 962 287- 615 Silverado water- LB
bearing zone
20C1._.___. 752 163- 602 |_____ do_____________ LB
32G1____.. 130 | . San Pedro(?) LACFCD
formation
34B1.______ 849 355— 422 San Pedro formation O%B;%D
4/13- 2J4_______ 178.4 | ... __. Gaspur water- USGS
bearing zone
12B1______ 336 | .. Silverado water- LB
bearing zone
12K1_ | .. ___ 915-1, 010(?) | Basal part of San LB
Pedro formation
14L1______ 114. 3 86- 114 |_____ do__ .. _______. USGS
21H3_.____ 800 430- 738 Silverado water- Owner
bearing zone
23G2_____. 1, 074 596-1,066 [____._ do.____________ LB
23M2______ 115. 2 77- 118 Gaspur water- UBGS
bearing zone
5/12- 2B1.______ 255.2 | 460~ 541 San Pedro formation_| USGS
(5647) RAS
10A1_____. 296. 6 124- 143(D) |.____ do. .. ___ USGS
11H1_ _____ 296.0 | ____.________|.____ do___________.. USGS
11L12 ____ 810 320~ 3568 [___._. do__ . __________ USGS

t For explanation of symbols see table 21.
3 Well 5/12-11L1 is in Orange County.

DOMINGUEZ GAP

Within the range of deposits tapped by water wells, at the crest
of the structural zone the Dominguez Gap is underlain to a depth
of about 130 feet below land surface by deposits of Recent age, and
from 130 feet to 630 feet by deposits of Pleistocene age. (See
Poland, Piper, and others, 1956, pls. 4,7.) The deposits of Recent
age include a shallow semiperched water body in relatively fine-
grained deposits within the upper division, and the highly perme-
able Gaspur water-bearing zone in the lower division. The de-
posits of Pleistocene age contain the permeable and highly produe-
tive Silverado water-bearing zone.

Semiperched water body.—For the semiperched water body,
hydrologic data presented on plate 2 indicate a uniform water-table
gradient across the position of the fault inferred to occur at depth.
Thus, it is concluded that this fault does not transect the upper
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division of the deposits of Recent age in the Dominguez Gap, and
interposes no barrier to free movement in the semiperched zone.

Gaspur water-bearing zone.—All four hydrographs of figure 4
are from relatively shallow wells in the Dominguez Gap that tap
the Gaspur water-bearing zone of Recent age. These wells are in
the area of greatest inland reach of contaminated waters in the
Long Beach-Santa Ana area (Piper, Garrett, and others, 1953, pl.
17). In order toward the coast they are: well 3/13-36D1, which
is inland from the Newport-Inglewood structural zone and inland
beyond the front of contaminated ground water; well 4/18-2J4,
also inland from the structural zone and about at the inland edge
of the area of contaminated water ; and wells 4/13-14L1 and 4/13-
23M2, both of which are oceanward from the structural zone and
far within the area of contaminated water. The four hydrographs
are similar in form; there is no marked dissimilarity to suggest a
hydraulic discontinuity across the structural zone. The fluctua-
tions of water level probably are due primarily to withdrawals
from the Gaspur water-bearing zone; the yearly range is notably
greatest in the inland well (36D1), probably because withdrawals
are greater inland from the Dominguez Gap than in the area of
contaminated water within the gap.

Other hydrologic evidence is available from plate 7, which pre-
sents water-level profiles for the Gaspur water-bearing zone from
1903 into 1941. The position of the fault inferred to be present at
depth is indicated on that plate. None of these several profiles
show a hydraulic discontinuity. The profile for 1903, which is
considered most reliable because the water levels then were least
disturbed by local withdrawals, maintains a uniform gradient
across the fault and thus is considered to be decisive evidence that
there is no barrier across the Gaspur water-bearing zone in Do-
minguez Gap. Supporting hydrologic evidence has been presented
in figure 4. There is no geologic evidence that any fault of the
structural zone transects the deposits of Recent age. Geochemical
data have shown that the area of contamination within the Gaspur
zone extends about half a mile inland beyond the inferred fault,
and that no discontinuity in chemical quality has developed. Thus,
both geologic and geochemical data confirm the conclusion from
hydrologic data that there is no barrier in the Gaspur water-bear-
ing zone—that throughout this artery, ground water moves in
complete freedom according to the natural or artificial hydraulic
gradients prevailing at the time, either landward or toward the
ocean.

From the evidence presented here and elsewhere in this report
several critical conclusions may be drawn, as follows:
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1. During the historic low-water year of 1936 the general water level in the
Gaspur water-bearing zone was such that ocean water could uliimately have
moved inland about half a mile beyond Carson Street—about to the crest of
the Newport-Inglewood zone, but not beyond.

2. As discussed in the report on chemical character of the water (Piper,
Garrett, and others, 1953, pl. 17 and p. 182), evidence indicates that ocean-
water contamination now (1945) reaches inland only about to the Pacific
Coast Highway and that the inland contamination extending about 4.5 miles
north from the Pacific Coast Highway, to and beyond Del Amo Street, is
almost exclusively from oil-field brines and industrial wastes. Under the
hydraulic gradient currently prevailing in the Gaspur zone, the inland con-
taminated water must be moving continuously coastward, almost as far south
as Willow Street.

3. The area of contaminated waters will extend inland beyond its present
front only if (1) water levels in the Gaspur zone should fall below the levels
of 1936 for a long period of time or (2) a source of saline water is present
at or near land surface inland from the structural zone and downward perco-
lation develops. At times the Los Angeles River and, more continuously,
Compton Creek are such sources.

Silverado water-bearing zone—Hydrographs for wells 4/13-
12E1 and 23G2 (pl. 10), show contrasting fluctuations in the
pressure surface for the Silverado water-bearing zone beneath the
Dominguez Gap and on opposite sides of the Cherry-Hill fault of
the Newport-Inglewood uplift (pl. 6). Well 4/13-12E1 is 0.5 mile
inland from the fault and in the main coastal basin; well 4/13-
23G2 is 1 mile coastward from the fault and in the west basin. The
record for well 23G2 has been supplemented by plotting the early
record for well 4/13-21H3, which also taps the Silverado zone 1.7
miles to the west; for these two wells, the water-level fluctuations
of the thirties were almost identical. ’

The hydrograph for well 4/13-12E1 is unlike that for well
23G2-21H3 in water-level stage, in amplitude of yearly fluctuation,
and in general trend of water levels. In well 12E1 the water level
has been about at sea level since 1931 ; has varied about 8 feet each
year; and has recovered about 5 feet since 1938. In well 23G2-
21H3, however, the water level was about 40 feet below sea level
from 1929 into 1942, varied about 15 feet each year through 1938
and about 20 feet from 1939 through 1944, and declined about 25
feet from the year end of 1941 to that of 1944. For two wells
which tap the same water-bearing zone and which are only 1.8
miles apart (1.5 miles measured normal to the water-level con-
tours), these contrasts in stage and fluctuations of water level are
striking.

The differential in water level between these two wells increased
from 30 feet in January 1938 to 50 feet in January 1944, and to
about 65 feet (estimated) at the end of December 1944. Thus the
apparent hydraulic gradient across the Cherry-Hill fault steepened
from 20 feet per mile to about 438 feet per mile in 7 years. How-
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ever, the actual gradient is even steeper. For example, abandoned
well 4/13-14Q4, which likewise taps the Silverado water-bearing
zone, is 0.4 mile north of well 28G2 and about 1.3 miles from well
12E1 (1.1 miles measured normal to the water-level contours). In
that abandoned well, the water level, as measured on October 31,
1985, was 47.5 feet below sea level, or almost identical with the
level in well 23G2. At that same time the water level in well 12E1
was 1 foot above sea level. Thus, even then the apparent gradient
between wells 12E1 and 14Q4 was about 44 feet per mile and the
actual gradient across the fault must have been much steeper.

Although wells are not available to establish closely the current
magnitude of the discontinuity in the pressure level of the Silver-
ado water-bearing zone across the inferred extension of the
Cherry-Hill fault in the Dominguez Gap, facts cited here and addi-
tional data incorporated in the water-level contours of plates 5 and
6 indicate conclusively that such a discontinuity does exist. As
discussed on page 91, the hydraulic gradient within the San Pedro
formation from the junction of the Rio Hondo and the Los Angeles
River to the Dominguez Gap has been about 9 feet per mile. If
this gradient is projected to the Cherry-Hill fault, the water level
on the north (inland) side of the fault as of year-end 1944 would
have been at sea level, whereas the level projected northeastward
through wells 4/13-23G2 and 14Q4 would have been 53 feet below
sea level at the south (coastal) side of the fault. The actual pres-
sure-surface profile doubtless is modified by the heavy withdrawal
from the well fields of the Dominguez Water Corp. about 1.2 miles
northwest of well 14Q4. The inferred configuration of this profile
for 1941 has been indicated on plate 6.

This discontinuity is a feature of long standing. Thus, informa-
tion compiled in 1903-4 by Mendenhall (1905b, pl. 4) shows that
the area in which the initial pressure head of the Silverado zone
stood appreciably above land surface was wholly inland from the
inferred extension of the Cherry-Hill fault—it reached to but not
beyond that fault. In 1903, after the artesian pressure had dimin-
ished substantially, a well tapping the Silverado zone in the Do-
minguez Gap about 0.7 mile northeast of the Cherry-Hill fault
flowed all year. This well (No. 4/13-2J1) was flowing 85 miner’s
inches (315 gpm) through a 12-inch casing on July 21, 1903.
Doubtless the initial pressure level here was several tens of feet
above land surface. Coastward from the fault, however, two wells
tapping the Silverado water-bearing zone in the gap barely flowed
as of 1903 ; there is reason to believe that the pressure surface then
had not declined substantially from its stage under natural condi-
tions (p. 87).
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From the hydrologic evidence here presented, it is concluded
that the Cherry-Hill fault is a substantial barrier to water move-
ment through the Silverado water-bearing zone in the Dominguez
Gap. Geologic evidence is confirmatory to the extent that substan-
tial displacement along the Cherry-Hill fault occurred along the
south side of the Signal Hill uplift, and that a northwestward ex-
tension of the fault for at least half a mile into the gap is indicated
(Poland, Piper, and others, 1956, p. 98). Geochemical data neither
confirm nor disprove the presence of a barrier transecting the
Silverado zone. Thus, as shown elsewhere (Piper, Garrett, and
others, 1953, pl. 4), the chemical quality of the water within the
Silverado zone is virtually the same on either side of the Cherry-
Hill fault.

The watertightness of this local barrier cannot be evaluated
specifically from data now available, although the differential head
across it (50 to 65 feet as of late 1944) indicates a relatively high
degree of watertightness. However, watertightness has little sig-
nificance regarding possible movement of salt water inland—Dbe-
cause the water confined in the Silverado zone on the inland side of
the barrier always has had the greater head (under natural condi-
tions and to an aggravated degree under the heavy withdrawals of
the thirties and early forties) such water as may have leaked
through the barrier has moved coastward rather than landward.
Only in the unlikely contingency of the head being the higher on
the coast side, could water—either fresh or salt—move inland and
cross the barrier within the Silverado water-bearing zone.

SIGNAL HILL UPLIFT

Silverado water-bearing zone——Not more than a mile inland
from the three faults of the Newport-Inglewood zone which cut
across the Signal Hill uplift, water is withdrawn from several
wells tapping the Silverado water-bearing zone. Most of these
wells supply water for the city of Long Beach, which has made
pericdic measurements of depth to water; in the same area water
levels have been measured periodically in additional observation
wells by other agencies. Of the many water-level records available,
two have been plotted on plate 10—those for active well 4/12-
18R1 (Development well 6, city of Long Beach), which taps the
Silverado water-bearing zone, and for active well 4/12-34B1,
which taps the San Pedro formation in a stratigraphic interval
hydraulically connected with but beyond the extent of the Silverado
water-bearing zone. Hydrographs for well 4/12-21M5 in the
Citizens field and for well 4/12-28H7 in the Alamitos field have
been shown on plate 9; both these wells tap the Silverado zone.

On the coastal side of the uplift, periodic measurements have
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been made in only one well, 4/12-32G1, which is at the north edge
of the Long Beach plain about 0.6 mile coastward from the
Cherry-Hill fault (pl. 6), and which probably taps the upper part
of the San Pedro formation in a stratigraphic interval about
equivalent to the upper part of the Silverado water-bearing zone.
As shown elsewhere (Poland, Piper, and others, 1956, pls. 5a—a’,
8), that water-bearing zone extends beyond the faults but probably
is not present extensively beneath the Long Beach plain. Well
32G1 formerly was pumped lightly for industrial purposes but
has not been used during the last decade owing to the presence of
sand and the poor quality of its water.

If the hydrograph for well 4/12-32G1 is contrasted with those
for wells 18R1 and 34B1 (pl. 10), or with the hydrographs for
wells 21M5 and 28H7 (pl. 9), all of which are inland from the
faults and tap the Silverado zone or its stratigraphic equivalent,
it becomes obvious that the water body beneath the Long Beach
plain is hydraulically distinct and separate from the inland water
body. In well 32G1 the water level ranged from 1 foot below to 3
feet above sea level from 1930 through 1944. The low stage was
in 1932 while the well was still active; the high stage developed
beginning in 1937 and culminating in 1943—during a succession
of wet years. On the other hand, in well 4/12-18R1 in that same
period the static level ranged from 50 feet below to 12 feet above
sea level and the pumping level was as much as 66 feet below sea
level. For well 4/12-34B1 the range in water level has been much
less and its water-level stage of the early forties was about equal
to that of 1930. Evidently it is distant enough from the Alamitos,
Citizens, and Development well fields of the city of Long Beach
not to have been drawn down appreciably by the heavy with-
drawal from those fields in the early thirties. Because it is only
a mile from the Alamitos field, however, the lack of such draw-
down there suggests poor hydraulic continuity, presumably asso-
ciated with and explained by the tapering out of the Silverado zone
between the Alamitos field and well 34B1 (Poland, Piper, and
others, 1956, pl. 8). Although the hydrograph for well 34B1 is
unlike those for well 18R1 or well 28H7 in range of fluctuation,
and even though since 1935 its average yearly level has been
within a few feet of the level for well 4/12-32G1 across the Seal
Beach fault, the character of its fluctuations is wholly different
from that of the latter well.

Information concerning initial hydraulic conditions beneath the
Long Beach plain suggests that a gentle seaward gradient once
existed. In 1903 Mendenhall canvassed 10 wells on the Long Beach
plain and obtained measurcments of depth to water in 9 of these;
although the water levels were decidedly nonuniform and near
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the west edge of the plain were as much as 16 feet above sea level,
the suggested coastward gradient was 3 to 5 feet to the mile across
the central segment of the plain. Hence, a small quantity of water
apparently was moving coastward at that time. If precipitation
on the plain could furnish sufficient recharge to maintain such
movement, the water level in well 4/12-32G1 should have recov-
ered substantially more in the past decade than it has actually
done. Accordingly, it is inferred that the movement of 1903 must
have been caused, at least in part, by coastward leakage of ground
water though the Newport-Inglewood fault system under the high
pressure differential that then prevailed across those faults. For
example, the record for well 4/12-26M1 has been cited (p. 87) to
indicate the magnitude of the initial pressures within the Silverado
zone inland from the partitioning faults. That well, which is 1.5
miles northeast of the Seal Beach fault and 2.5 miles distant from
well 4/12-32G1, in 1903 tapped artesian pressure sufficient to raise
its water level 100 feet above land surface or 116 feet above sea
level. Also, at the extreme south margin of the main coastal
basin—about 1.3 miles east of well 32G1, 0.2 mile south of Ana-
heim Street, and 200 feet north from the Seal Beach fault—well
1002 (Downey quadrangle) of Mendenhall was drilled in 1887 on
property of the Alamitos Beach Water Co. and then reportedly
flowed 5 inches over the top of its 8-inch casing. Because its
altitude is about 40 feet above sea level, the initial pressure level
there probably was 50 to 60 feet above the water level beneath
the Long Beach plain.

Geochemical evidence indicates, however, that under the initial
conditions of high pressure differential across the structural zone
the quantity of water moving coastward beneath the Long Beach
plain must have been small. Tests of water quality made during
the Mendenhall canvass indicate that water beneath the plain
initially was of poor quality, and similar in total solids content to
the water in well 32G1 as of 1932. Thus, although water-level
measurements of 1903 suggest that some water was moving coast-
ward across the plain, presumably in part by leakage through the
echelon faults of the Signal Hill uplift, the quantity of that water
clearly had not been sufficient to displace all saline water from
beneath the plain, even during the period of several thousand
years spanning recent geologic history. Geologic data available
from logs of wells which formerly tapped the deposits beneath the
Long Beach plain indicate that the water-bearing beds are thin
and of relatively low permeability. From all these data, it is con-
cluded that the quantity of water moving coastward beneath the
plain under initial conditions was not more than a few tens of
acre-feet per year, at most. Of even that small amount, part
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doubtless was supplied by rainfall infiltrating the water-bearing
beds of the San Pedro formation where they are upwarped and
exposed on the coastward flank of the Signal Hill uplift, oceanward
from the Cherry-Hill fault.

The present gradient of the water surface beneath the Long
Beach plain cannot be determined directly because its stage can
be measured only in well 32G1. That well, which is 1.5 miles from
the ocean, had a water level 3 feet above sea level as of mid-1944.
If the aquifer it taps has hydraulic continuity with the ocean,
as seems likely, the seaward gradient now is about 2 feet per mile.
This seaward gradient currently must be sustained almost exelu-
gively by recharge from rainfall because, as shown by the hydro-
graphs for wells 4/12-18R1, 21M5, and 28H7, water levels in the
Silverado water-bearing zone on the inland side of the uplift are
below sea level at the Development, Citizens, and Alamitos well
fields. Only beneath Alamitos Heights has the pressure level
proximate to the fault been above sea level consistently in the
forties (see pl. 10 for well 34B1).

Thus, although it has been suggested that a small quantity of
water once leaked coastward through the barrier features of the
Signal Hill uplift to the Long Beach plain, from the hydrologic
and geochemical evidence here cited, it is concluded that those
features virtually prevent movement of water through the Pleisto-
cene deposits under differential heads of as much as 50 to 60 feet
such as prevailed under native conditions. During at least the
past decade, a differential head of that magnitude again has
existed across the uplift with the lower head on the inland side
owing to drawdown by heavy withdrawals—under this artificial
condition, any leakage inland must be small likewise. Indeed,
under any differential head that conceivably can result from with-
drawals inland from the uplift, such leakage here would be almost
negligible.

Geologic knowledge soundly supports hydrologic evidence for a
reasonably effective barrier to water movement along almost the
full reach of the Signal Hill uplift (Poland, Piper, and others,
1956, p. 98-100, pl. 8). In fact, this is the single segment of the
Newport-Inglewood structural zone within which vertical displace-
ment is sufficiently great to impose a substantial hydraulic discon-
tinuity in the water-bearing zones of the San Pedro formation—in
this area the Silverado water-bearing zone. As has been discussed
elsewhere (Poland, Piper, and others, 1956, p. 122), from Domin-
guez Hill to Alamitos Heights the Silverado zone spans the crest of
the uplift. Beneath Alamitos Heights and southward to the San
Gabriel River, however, it grades or fingers into deposits that are
largely silt or clay. Of itself, that lithologic discontinuity is an
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effective local barrier against widespread invasion of ocean water
across the uplift. Also, at land surface on and near Signal Hill,
fractures and faults in the exposed segments of the San Pedro
formation are filled with a dense calcareous cement (Poland, Piper,
and others, 1956, p. 105). This cementation probably has been a
major element in development of the barrier.

However, the fault pattern (Poland, Piper, and others, 1956, pl.
3) suggests that the continuity of the barrier may be interrupted
by a gap about 1,000 feet wide between the Northeast Flank fault
and the Reservoir Hill fault, directly south of the Citizens well
field of the city of Long Beach, and that here an opportunity for
leakage may exist. It is not known whether any water leaked
coastward through this gap in the fault system under native condi-
tions of high artesian pressures. If so, its quantity was not large.
However, with the direction of potential circulation now reversed
so that salt water can move landward through this gap, even in
small quantity, the chemical quality of the water withdrawn from
the Citizens field might deteriorate appreciably over a period of
many years. Specifically, as of the early thirties the withdrawals
from the Alamitos, Citizens, and Development well fields had so
lowered water levels that for several years the average static water
level in these fields was 80 to 40 feet below sea level (pls. 9, 10).
Thus, the initial differential, with the greater hydraulic head on
the inland side of the faults, had been destroyed and there had been
developed a differential of nearly the same magnitude but with the
greater head on the coastal side. By 1933 the water levels in these
well fields recovered about to sea level and the landward hydraulie
gradient disappeared, at least temporarily. However, in the early
forties the withdrawal increased and the lower head on the inland
side of the faults is reappearing (pl. 9). In other words, condi-
tions hydraulically favorable to landward movement of salt water
again exist. It has been suggested elsewhere that sinking of out-
post wells to the Silverado zone would be of advantage if with-
drawals from these well fields are to be continued or increased
(Piper, Garrett, and others, 1953, p. 200). Such an outpost well
would have particular value if located directly south of the Citizens
well field and about 0.9 mile south of Spring Street, so as to furnish
advance warning of any inland movement of salt water.

Water-bearing zone in the basal part of the San Pedro forma-
tion.—The water-bearing zone in the basal part of the San Pedro
formation is extensive northeast of Signal Hill (p. 44-48) but
probably tapers out along the north flank of the uplift and does not
reach the faults at the crest of that uplift. Nevertheless, in order
to complete the hydrologic comparison, a hydrograph for one well
tapping this basal zone at the northwest edge of the Signal Hill

468452 0—59-——9
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uplift is shown on plate 10 (No. 4/18-12K1) ; hydrographs for
three other wells tapping this zone have been introduced earlier on
plate 9 (Nos. 4/12-14D1, 21M2, and 28H1). In water-level stage,
amplitude of fluctuations, and trend, the hydrograph for well 4/13-
12K1 is nearly identical with that for well 4/12-14D1 (Commis-
sion well 1) some 5 miles east, also with the hydrograph for well
4/12-6K1 (North Long Beach well 4) not here shown. All three
show that the respective water levels declined about 30 feet from
1934 to 1938 and subsequently have been about 20 to 25 feet below
sea level on the average. The hydrographs for wells 4/12-21M2
and 28H1 (pl. 9), respectively in the Citizens and Alamitos well
fields, show that their water levels declined from above land sur-
face (artesian flow) in 1924 to about 20 feet below sea level in
1931, and in 1932 and 1933 recovered about to sea level or to a
stage about equal to that in the overlying Silverado zone. By 1944
the average static water level in well 21M2 had been drawn down
to about 20 feet below sea level and that in well 28H1 to about 40
feet below sea level. As of June 1944 their respective pumping
levels were 44 feet and 87 feet below sea level. However, the basal
zone has no known direct hydraulic communication with the water
of poor quality on the coastal side of the uplift and thus the main-
tenance of its pressure level at or near sea level is not of para-
mount importance so long as saline waters do not encroach across
the Signal Hill uplift and into the overlying Silverado zone.

ALAMITOS GAP

Within the range of deposits tapped by water wells, the Alamitos
Gap is underlain by deposits of Recent age to a depth of not more
than 100 feet below land surface and beneath these, to a depth of
about 500 feet, by the San Pedro formation of Pleistocene age
(Poland, Piper, and others, 1956, p. 43, 67, pl. 4, A-A’). The de-
posits of Recent age include a shallow semiperched water body in
sediments ranging from coarse sand to silt. Logs of test wells
5/12-11M1 and 11M2, drilled by the Los Angeles County Flood
Control District at the county line and about 0.4 mile from the
coast indicate that water-bearing deposits there extend almost con-
tinuously from land surface to a depth of 100 feet and it is inferred
that these are entirely of Recent age. Thus, at this locality the
deposits of Recent age contain no substantial confining layers; also,
the log of well 5/12-11G1 suggests that the same conditions exist
locally at the concealed Seal Beach fault, and that more or less free
hydraulic communication occurs from land surface to a depth of
92 feet. Throughout the gap, however, these Recent deposits are
underlain by an extensive layer of silt (or clay) from 50 to 100
feet thick and inferred to be part of the San Pedro formation. Be-
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neath this silt layer are water-bearing beds of sand and gravel in
the San Pedro formation; from well to well their thickness and
texture varies widely.

Semiperched water body.—For the semiperched water body,
profiles shown on plate 2 indicate a uniform hydraulic gradient im-
mediately coastward from the Seal Beach fault, but inland from
that fault a gradient that is variable in both direction and magni-
tude. Thus, the profiles do not afford clear evidence of hydraulic
continuity or discontinuity in the shallow deposits of Recent age
across the Seal Beach fault; however, it is inferred from evidence
in the other gaps that full continuity exists and that the semi-
perched water can move freely across the fault.

San Pedro formation.—The four hydrographs of plate 11 are for
wells tapping confined aquifers in the San Pedro formation. (For
details see table 26.) In order toward the coast these are: well
5/12-2B1, which is 1 mile inland from the Seal Beach fault and
from the contaminated water along that fault; well 5/12-11H1,
which is about 200 feet inland from the fault but which yielded
contaminated water when drilled and never has been utilized; and
wells 5/12-10A1 and 11L1, about 0.3 and 0.4 mile coastward from
the Seal Beach fault and within the area underlain by highly saline
water. These hydrographs show certain striking and contrasting
features with respect to fluctuations of pressure head on opposite
sides of the Seal Beach fault, as follows:

1. On the inland side of the fault, the pressure head (water level) fluctu-
ates primarily in response to seasonal withdrawals; these fluctuations are
common to all wells tapping the productive water-bearing zones of the main
coastal basin. Water-level recorders at the two inland wells (2B1 and 11H1)
show secondary fluctuations due to tidal loading but those for 2B1 are so
small (about 1 percent of tidal range) that they could not be shown on plate
11. For well 11H1, tidal efficiency is about 10 percent. Even though water
levels in wells generally were high in 1942-43, that in well 11H1 was below
sea level for 2% months in the summer of 1942.

2. On the coastal side of the fault, the pressure head fluctuates primarily in
synchrony with and in proportion to the tidal range in the local estuaries.
For well 11L1, the tidal efficiency is about 3 percent; for well 10A1 the tidal
efficiency was about 6 percent in September 1942 but, as explained in sub-
sequent paragraphs, decreased to zero by November of that year.

3. Inland pressure changes in the confined aquifers are not transmitted
across the Seal Beach fault; also the tidal effects on the coastal side of the
fault are not transmitted inland as such through the aquifers transected by
the fault, although direct-loading effects are caused by a tidal prism which
reaches inland beyond the fault each day and reaches as much as a mile
during extreme high tides.

The hydrograph for well 5/12-10A1 on the coastal side of the
fault is erratic in trend. When first established on this well by the
Geological Survey in September 1941, a water-level recorder dis-
closed subdued pressure fluctuations. Subsequently perforations
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in the well casing about 140 feet below land surface were reopened
by bailing and by use of “dry ice.” The recorder was re-established
in August 1942 and the water level then was observed to be about
1 foot below sea level and to fluctuate in synchrony with tidal load-
ing, with an efficiency of about 6 percent. In the first half of
November the tidal fluctuations gradually ceased and by early
December the water level had declined about 9 feet, or slightly
below the level in well 11L1. By March 1943 the level was 12 feet
below the sea and was still declining. No explanation is offered
for this anomalous decline beyond the conclusion that the perfora-
tions about 140 feet below land surface had become resealed, pre-
sumably by chemical action. However, it is clear that whatever
the explanation, the water-bearing zone in hydraulic continuity
with the water level in the casing as of March 1943 did not have
hydraulic continuity with the confined aquifers inland from the
Seal Beach fault.

Geochemical data indicate that on the inland side of the Seal
Beach fault, except at well 11H1 and recently at well 11G1, the
confined water always has been of excellent quality and has con-
tained less than 20 ppm of chloride. However, on the coastal side of
the fault the water in the San Pedro formation has been strongly
saline, at least since about 1920 when the earliest wells of record
were drilled. Because pressure levels inland from the fault were
still far above sea level at that time, it is inferred that water in the
San Pedro formation initially was saline on the coastal side of the
fault, and hence that within the San Pedro formation virtually no
fresh water has passed coastward across the Seal Beach fault in
historic time. In the deposits of Recent age coastward from the
fault, the water was saline as early as 1926 (well 5/12-10A1).
The contaminant in well 5/12-11G1, which has been described else-
where (Piper, Garrett, and others, 1953, p. 158-161), may have
advanced inland and crossed the Seal Beach fault through the de-
posits of Recent age; if so, saline water would have entry to this
well through casing perforations about from 70 to 92 feet below
land surface in an aquifer inferred to be of Recent age.

From the hydrographs of plate 11 and from the substantiating
geologic and geochemical data, it is concluded that in Alamitos Gap
the Seal Beach fault forms an almost watertight barrier to move-
ment through the confined aquifers of the San Pedro formation.
However, it is not believed to be a barrier to movement of ground
water in the deposits of Recent age which probably occur to a
depth of about 100 feet.

ORANGE COUNTY

For Orange County, figures 5 through 9 include hydrographs
that show conditions along five hydraulic profiles about at right
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angles to the coast and alined across Landing Hill, through Sunset
Gap, across Bolsa Chica Mesa, across Huntington Beach Mesa, and
through Santa Ana Gap. Except for two hydrographs of plate
9, all are for wells tapping the San Pedro formation of Pleistocene
age. Hydrologic data for these wells are given in table 27.

TaBLE 27.—Wells in Orange County for which hydrographs are plotied on figures
6 to 9, inclusive

Water-yielding zone or zones .
Depth Agency supplying
Well (feet) principal record !
Feet below Zone or formation
land surface
5/11-16D2____| 400 | _________ San Pedro formation_| OCFCD.
18J2_.___ 2157 | ___|.o___ do___ . _____ USGSand OCFCD.
18N1___.] 250 172-251 |__.__ do__.__________ USGS.
18P1.___| 125.0 110-148 |__.__ do_.__._____.___ Do.
20L2____} 157.5 | _________|.__-_ do.____________ Do.
25P1____| 150 | _________ San Pedro (?) OCFCD.
formation.
29C4___ | 157.0 |.______.__ San Pedro formation.| USGS.
29E1____| 220.0 158-212 |_____ do__ - _______ Do.
29E2____| 120.0 85-129 | . ___ do_.___________ Do.
5/12-12P1_ . __| 185.3 |._____ P P do_ .. _____ OCFCD.
12P3____| 362.8 348-360 | ____ do________.___. USGS.
13D1..__| 210.0 183-258 |__.__ do_ o Do.
13D2..__| 140.0 125-158 |___._ do.. ... ___ Do.
6/10-6P1_____| 150.5 | _________ Talbert water- Do.
bearing zone.
6/11-2D1___ __ 202.5 |__________ San Pedro formation_.| OCFCD.
2G2____. 123. 3 78-126 |_.._. do__ . __.__.___ USGS.
2G3__._.._ 258. 5 100-254 |.__._ do____________. Do.
11E1____| 447 50-234 |_____ do_______.___.. OCFCD.
13G2____| 154 | ________._ Talbert water- Do.
bearing zone.
13M1_-__ 364. 1 ® San Pedro formation_.| USGS.

1 For explanation of symbols see table 21.
2 Probably below 300 ft.

LANDING HILL

The four hydrographs of figure 5 are from wells on Landing
Hill, all of which tap the San Pedro formation. They include (1)
one pair of permanent observation wells, 5/12-13D1 and 13D2,
constructed for the Geological Survey on the coastal side of the
fault zone to tap distinct water-bearing beds from 183 to 258 feet
and from 125 to 158 feet below the land surface, respectively; and
(2) wells 5/12-12P1 and 12P3, which are about 0.25 mile to the
northeast and on the inland side of the fault zone, and which tap
water-bearing beds about from 170 to 190 feet and from 348 to 360
feet below the land surface, respectively. Evidently there is some
hydraulic connection between the water-bearing beds tapped by
these two inland wells, because in each well the water level fluctu-
ates primarily in response to withdrawals from the adjacent
public-supply wells of the city of Seal Beach. Also, the shallower
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of these two wells (12P1) taps a water-bearing bed which, at the
fault zone, presumably abuts against one or both of the water-
bearing beds tapped by the two coastal observation wells. The
geologic relations along this hydraulic profile have been shown
elsewhere (Poland, Piper, and others, 1956, pl. 5, a—a’).

Of the two permanent observation wells on the coastal side of
the fault zone, the deeper taps water whose chloride content is
nearly identical with that of the ocean and the shallower taps
water whose chloride content is about 70 percent of that of the
ocean. In contrast, the deeper of the two inland wells (12P3)
yields water whose chloride content is less than 50 ppm, whereas
the shallower (12P1) yields water which once was of good quality
but now (1945) is somewhat contaminated.

The data on fluctuations of ground-water head in the wells near
Landing Hill bring out these striking and contrasting features,
namely: (1) on the coastal side of the fault zone the head fluctu-
ates primarily in synchrony with and in proportion to the tidal
range in the ocean, (2) on the inland side of the fault zone the
head fluctuates primarily in response to withdrawals, and in the
deeper wells is at times substantially below sea level, and (38) the
pressure effects of the inland withdrawals are not transmitted
across the fault or faults of the Newport-Inglewood structural
zone. Apparently a substantial hydraulic discontinuity exists be-
tween the pairs of wells on opposite sides of the fault zone, even
though their water-bearing beds probably butt against one another
at the fault zone, at least in part.

However, geochemical evidence reveals that the hydraulic dis-
continuity developed across Landing Hill by the Seal Beach fault is
not wholly watertight. The saline contamination which developed
in well 5/12-12P1 between 1931 and 1941 moved inland across the
fault under a differential head not exceeding 15 feet (Piper, Gar-
rett, and others, 1953, p. 155-158). As shown by figure 5, the
water level on the coastal side of the fault remains almost at sea
level, whereas on the inland side the pumping level in well 12P1
has been as low as 12 to 15 feet below sea level (as during late
summer in the middle thirties). Because this well is only about
100 feet inland from the fault, the differential head across the
fault must also have been about 10 to 15 feet, but not more. Thus,
it is concluded that across Landing Hill the fault barrier has been
nearly but not wholly watertight against the differential ground-
water pressures thus far imposed upon it by the inland with-
drawals. It follows, therefore, that if greater differentials should
be imposed in the future, substantial quantities of saline water
presumably would migrate across the fault and pass into the main
coastal basin beneath the northern flank of the hill.
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In one aspect, the initial and the present hydraulic conditions
seem to be mutually contradictory. For example, the two perma-
nent observation wells on the coastal side of the fault tapped water
which is about as saline as the ocean and which has been concluded
to be connate water in the sense that it reoccupied the deposits
several thousands of years ago (Poland, Piper, and others, 1958,
p. 110). Thus, it follows that in historic times there cannot have
been appreciable coastward leakage of fresh water or the saline
water would have been displaced seaward. Accordingly, if no
fresh water moved coastward through the fault under the initial
artesian conditions (which must have involved a differential head
across the fault at least two or three times as great as that induced
by withdrawal from well 12P1), why has saline water moved land-
ward across the fault under the nominal differential head of recent
years? The saline water contaminating well 12P1 possibly may
have come from within a shear zone of the fault and may not have
migrated across the full barrier. If so, it should prove small in
quantity and the contamination limited in extent. Also, thereis a
possibility that the barrier may have been ruptured locally by re-
cent tectonic disturbances, such as the Long Beach earthquake of
1933.

Although the earthquake is not known to have caused any verti-
cal displacements, many cracks developed in the land surface along
and near the structural zone, especially near Hog Island in the
Sunset Gap and near the coast in the Santa Ana Gap (Browning,
C. R., written communication). Also, the earthquake displaced
water levels as much as 10 feet in wells northeast of Signal Hill
(La Rocque, 1941). If any cracks or fissures were so developed in
the barrier, under present ground-water conditions they probably
would remain open, whereas fissures developed in prehistoric time
presumably have since been sealed by deposition of calcium carbo-
nate from the ground water escaping coastward. However, until
proved otherwise, it is inferred that the contaminant in well 12P1
has moved across the barrier from the coastal side, and that fur-
ther drawdown of water level in the main basin would accelerate
such movement.

SUNSET GAP

Sunset Gap is underlain by deposits of Recent age to a depth in-
ferred not to exceed 20 feet, and beneath by deposits of Pleistocene
age believed to extend to a depth of about 900 feet near Hog Island.
These deposits of Pleistocene age are largely if not wholly within
the San Pedro formation.

Semiperched water body.—The profiles of water level for shal-
low wells in the Sunset Gap (pl. 2) indicate that at least three of
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these wells inland from the master fault tap a confined aquifer.
The profiles suggest also that an hydraulic discontinuity exists
between shallow wells 18P2 and 18P3—that is, at the position of
the master fault at depth. It is possible that (1) about all the
wells reach the deposits of Pleistocene age and thus reflect a dis-
continuity in those deposits or (2) about all the wells tap deposits
of Recent age in which faulting has produced a discontinuity.
Specific hydraulic evidence for the other gaps, indicates that the
first explanation is the more logical.

San Pedro formation.—The four hydrographs of figure 6 are for
wells tapping confined aquifers in the San Pedro formation in or
near the Sunset Gap. They include (1) a pair of permanent obser-
vation wells, 5/11-18N1 and 18P1, constructed for the Geological
Survey on the coastal side of the master fault to tap distinct water-
bearing beds from 172 to 251 feet and from 110 to 148 feet below
the land surface, respectively; and (2) wells 5/11-18J2 and 16D2,
0.8 mile and 2 miles inland from the master fault. Well 16D2 is
inland beyond the gap but its hydrograph is plotted to show that
the fluctuation in well 18J2 is characteristic for the deeper wells
of that area.

Of the two permanent observation wells on the coastal side of
the master fault, the deeper well taps water whose chloride content
is nearly equal to that of the ocean but the shallower well taps
water whose chloride content is less than 50 ppm. Although no
chemical analyses have been made of the water from the two inland
wells, the chloride content in water from adjacent wells ranges
from 16 to 20 ppm.

The hydrographs of figure 6 reveal a sharp contrast in fluctua-
tions on the coastal and inland sides of the master fault. As at the
inland wells on Landing Hill, in the two inland wells of the Sunset
Gap the head (water level) fluctuates primarily in response to
seasonal withdrawals and replenishment within the main coastal
basin. Also, for the two permanent observation wells on the
coastal side of the fault, the head fluctuates primarily in response
to and in proportion to the tidal range in the ocean. The tidal
efficiency for fluctuations in shallower well 18P1 is 46 percent ; that
for deeper well 18N1 is 45 percent. The pressure effects of the
inland fluctuations are not transmitted across the master fault.
Evidently here also there is a substantial hydraulic discontinuity
between the pairs of wells on opposite sides of the master fault,
even though the water-bearing beds probably are not displaced
substantially at that fault.

Although Sunset Gap is 2.5 miles wide, no other wells have been
constructed on the coastal side of the master fault. Hence, no
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supplementary hydrologic or geochemical data are available to give
further evidence on the watertightness of the fault barrier in this
reach. However, the effectiveness of the barrier can be appraised
in part from the chemical character of the water in the permanent
observation wells. As previously noted, the chloride content in the
shallower well (5/11-18P1) is less than 50 ppm and its average
water level is about 3.5 feet above sea level. Under conditions of
unconfined circulation in hydraulic continuity with the ocean, ap-
plication of the Ghyben-Herzberg principle would suggest a salt-
water contact about 140 feet below sea level or 145 feet below land
surface. As worked out by Badon Ghyben and by Herzberg in
Europe and as applied by Brown (1925) and others in this coun-
try, the principle of fresh-water flotation on salt water states in
effect that for coastal areas in which a dynamic balance is attained,
the depth to salt water below sea level is a function of the height
of fresh water above sea level, in the ratio of about 40 to 1. For
well 5/11-18N1 an electric log shows that the salt-water contact
occurs at 135 feet below sea level; there, evidently a lens of fresh
water occupies the water-bearing deposits to that depth on the
coastal side of the fault. Whether that fresh-water body is main-
tained by percolation through the fault “barrier” or is stagnant, it
floats on underlying salt water. If the body has hydraulic continu-
ity with the ocean, it cannot be stagnant, because its pressure head
is currently above sea level. Of the two alternatives, it is more
probable that the fresh-water lens is maintained by leakage
through the fault barrier, under the pressure differential of as
much as 6 feet prevailing early in 1944 (fig. 6). The amount of
such leakage must be small; otherwise, some seasonal fluctuation
of pressure head would be transmitted to the coastal side of the
fault. Formerly, when the head on the inland side was much
greater than now, a fresh-water spring existed on the coastal flank
of Hog Island. That spring no longer flows and the only leakage
of fresh water now is underground. The quantity of such leakage
currently could be determined only by constructing a number of
test wells to indicate the length and hydraulic gradient of the
fresh-water body coastward from the fault, also the permeability
of the aquifers through which that body moves.
It is concluded from the hydrologic and geochemical data dis-
-cussed that in the central part of Sunset Gap the fault barrier is
watertight below a depth of 145 feet, even against the high differ-
ential pressures that occurred under native conditions; but that
from land surface to a depth of 145 feet a small quantity of leak-
age does occur. Thus, if inland pressure heads ever should be
drawn down several tens of feet below sea level, saline water prob-
ably would move inland across the master fault.
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BOLSA CHICA MESA

The hydrographs of figure 7 are for wells on and near the Bolsa
Chica Mesa. As at Landing Hill, all four wells tap the San Pedro
formation. On the coastal side of the fault zone these wells include
another of the three pairs of permanent observation wells con-
structed for the Geological Survey—Nos. 5/11-29E1 and 29E2, on
the south side of Los Patos Avenue and about 700 feet coastward
from the fault. These two wells separately tap aquifers which are
respectively from 158 to 212 feet and from 85 to 129 feet below
land surface, and which contain water whose chloride content is
about 70 and 90 percent of that of the ocean (Poland, Piper, and
others, 1956, pl. 5, b-b’). As the hydrographs show, in both these
wells the water level fluctuates primarily with the tide. For well
29E1 the tidal efficiency is about 35 percent; for well 29E2, the
shallower, it is about 17 percent. On the inland side of the fault
zone the hydrographs are for wells 5/11-29C4 and 2012, which are
respectively about 200 feet and 2,000 feet inland from the fault
zone. Each of the two inland wells taps a permeable bed which is
about the same distance below sea level as that tapped by well
29E2. The water from each of the inland wells contains only about
15 ppm of chloride. In these wells the water level fluctuates in
response to the pressure effects of withdrawals from inland water
wells, although at each well a secondary fluctuation develops in
response to tidal loading.

From the hydrographs and from supplementary data it is con-
cluded that:

1. In the vicinity of Bolsa Chica Mesa the master fault of the structural
zone produces a substantial hydraulic discontinuity in the San Pedro forma-
tion.

2. Even under the initial high artesian pressures, no fresh water moved
coastward across the fauit to flush the aquifers tapped by wells 5/11-29E1
and 29E2.

3. The fault zone here is watertight against the differential ground-water
pressures that have been applied to it to date.

BOLSA GAP

To a depth of about 80 feet below land surface the Bolsa Gap is
underlain by deposits of Recent age which contain the permeable
“80-foot gravel” at their base. About from 80 feet to 600 feet
below land surface it is underlain by the San Pedro formation.
The general geologic relations have been shown elsewhere (Poland,
Piper, and others, 1956, pls. 4, A-A4’, 5 b-b’). The Geological
Survey drilled three shallow observation wells coastward from the
inferred faults but, as shown by the profiles of plate 2, they have
not suggested any hydraulic discontinuity in the semiperched
water body. Only one deep well, 5/11-29P1, has been drilled on



136 HYDROLOGY, LONG BEACH—SANTA ANA AREA

the coastal side of the structural zone. That well, which is at the
southeast edge of Bolsa Chica Mesa, tapped brackish water in the
San Pedro formation and flows intermittently by natural gas lift.

Thus, there is no opportunity to compare water-level fluctua-
tions across the fault zones of Bolsa Gap, either in the “80-foot
gravel” or in the San Pedro formation. However, from analogy
in geologic features among the several coastal gaps, it is inferred
that hydraulic continuity within the “80-foot gravel” is not inter-
rupted by the faults. In 1941 the “80-foot gravel” was contami-
nated at well 5/11-38H1, 0.4 mile inland from the master fault;
however, it is not known whether that contamination was derived
from the ocean or from local sources.

On the other hand, geologic evidence shows that the San Pedro
formation has been displaced substantially at the inland fault of
the two which cross the Bolsa Gap. Also, inland from the faults,
certain wells tapping aquifers in the San Pedro formation have
shown more persistent artesian pressures during the past 15 years
than are known anywhere else from Newport Mesa to Signal Hill.
For example, wells 5/11-28A1 and 27D1 tap an aquifer whose top
here is about 370 feet below sea level. At well 28A1 the water
level has been measured about monthly by the Orange County
Flood Control District since 1930. Only in the low-water year of
1986 did this well cease to flow in winter months; in May 1945 its
pressure level was 20.7 feet above land surface or 30.3 feet above
sea level. This unusually strong artesian pressure is interpreted
as indicating that (1) the aquifer tapped is highly permeable and
extends inland to the area of free recharge, presumably to the
vicinity of Anaheim; and (2) in the Bolsa Gap, the faults of the
Newport-Inglewood zone constitute a substantially watertight
barrier in the San Pedro formation.

From the data here presented it is concluded that:

1. There is no structural barrier to movement of water through the
“80-foot gravel;” initially and currently any movement has been and is
coastward, but in periods of low water such as 1936 (pl. 5) the direction of
movement has been landward and ocean water could move inland without
restraint.

2. A structural barrier which is also an effective hydraulic barrier occurs
across the San Pedro formation. Salt water cannot encroach across the
faults in aquifers within the San Pedro formation as long as their artesian
pressure is sufficient to produce flowing wells. Even if the pressure levels
in these aquifers were reduced to or below sea level, in an amount equal to

the current artesian head, it is doubted that substantial quantities of saline

water would pass across the fault zone within the San Pedro formation.
HUNTINGTON BEACH MESA

The Huntington Beach Mesa is underlain from land surface to a
depth of about 600 feet by Pleistocene deposits, almost exclusively
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the San Pedro formation. In general, beneath the mesa the San
Pedro formation contains three distinct water-bearing zones
(Poland, Piper, and others, 1956, p. 73, pl. 4, A-A’). It is be-
lieved that two fault zones strike southeastward across the mesa,
abcut parallel to and respectively about 1 mile and 0.5 mile from
the coast. The aquifers within the San Pedro formation presum-
ably are cut by, but are not known to be displaced by these faults.

The five hydrographs of figure 8 are for wells tapping the upper
or middle water-bearing zones of Huntington Beach Mesa, or both
those zcnes. Four are inland from the master fault and one is
about at the coastward fault. In order toward the coast they are:
well 5/11-25P1, which is 2 miles inland from the master fault,
about 1 mile inland from contaminated water, and which taps the
upper zone; wells 6/11-2G2, 2G3, and 2D1, all about 0.4 mile in-
land from the master fault and near the focus of an inland area of
contamination (Piper, Garrett, and others, 1958, pl. 11) ; and well
6/11-11E1, which is about 0.7 mile oceanward from the master
fault, about at the coastal fault, and within a coastal area of con-
tamination. Of the four wells last listed, No. 6/11-2G2 taps the
upper zone, Nos. 2G3 and 11E1 tap the upper and middle zone, and
No. 2D1 taps the upper zone and probably the middle zone.

The hydrographs for wells 5/11-25P1 and 6/11-2D1 are similar
in form to the extent that each reflects the heavy inland with-
drawal for irrigation in February and March of 1942 (which also
affected water levels in wells on Bolsa Chica Mesa and in Santa
Ana Gap; see figs. 7Tand 9). The hydrograph for well 2G3 appar-
ently reflects this draft to some extent but probably shows chiefly
the effect of local draft from a well immediately north of Clay
Street. The graph for well 6/11-11E1 shows only gentle response
to winter replenishment and none to the late winter draft. Pre-
sumably the fluctuation of the water level in that well is largely
due to variation in the rate of pumping from well 6/11-2M2, at
the Huntington Beach Union High School.

Initially the water within the upper and middle zones and coast-
ward from the master fault was of good quality and its pressure
level was at least several feet above sea level, and locally may have
been several tens of feet above. Both these features suggest ocean-
ward circulation in those zones at that time. However, hydrologic
data taken in the canvass of 1904 by Mendenhall are not sufficient
to indicate the shape of the pressure surface nor the amount of the
oceanward gradient. As of 1942 the apparent oceanward gradient
between wells 6/11-2G3 and 11E1 was 3 feet per mile in January
and 1 foot per mile in September; between wells 5/11-25P1 and
6/11-2G2 it was 4.5 feet per mile in January and 1.5 feet in
September (fig. 8).

468452 0—59——10



138 HYDROLOGY, LONG BEACH—SANTA ANA AREA

Because the ground waters beneath Huntington Beach Mesa
have been contaminated largely by water migrating downward
from the land surface, the pattern of that contamination does not
indicate the effectiveness of the faults as barriers to circulation.
In the future, however, the anticipated expansion of the contami-
nated area may be controlled to some extent by the fault zones and
thus ultimately may furnish information on their barrier capacity.

From the hydrologic data of figure 8 and from supplementary
data it is inferred that the master fault of the structural zone—
the inland fault near the Huntington Beach High School—inter-
poses only a partial barrier to water movement through the upper
and middle water-bearing zones of the mesa.

As discussed on page 52, the lowest and relatively thick water-
bearing zone appears to finger out coastward into clay and silt, as
shown by the log of well 6/11-11E1. The lithologic discontinuity
so developed presumably is an effective and complete barrier to
movement of water inland from the ocean through that lower zone.
The lithologic discontinuity may be supplemented by a structural
barrier at the master fault.

With respect to current spread of contamination on the mesa,
the relative stage of water level in the three zones is critical. Wells
6/11-2G2 and 2G3 are near the focus of the inland contamination.
In 1942 the water level in well 2G2 consistently was from 1 to 2
feet the higher. Accordingly, because well 2G2 taps only the
upper zone but well 2G3 taps both the upper and middle zones, the
hydraulic circulation is downward. This condition is favorable to
spread of contamination.

However, in the lower and main water-bearing zone the water
level currently is several feet above those of the upper and middle
zones. For example, well 5/11-35A4, near the intersection of
Huntington Beach Boulevard and Talbert Avenue, is 499 feet deep
and taps the lower zone. Quarterly measurements of depth to
water by the Geological Survey in 1941-42 show that its water
level ranged from 2 to as much as 7 feet above that of well 5/11—
25P1 which taps the upper zone half a mile northeast. On January
14, 1942, the altitude of water surface in well 35A4 was 19.79 feet
above sea level, or about 12 feet above the water level in either the
upper or the middle zone in wells 6/11-2G2 and 2G8, about 1.2
miles to the south. As long as the lower zone has the greater
pressure head, saline water from the overlying contaminated zones
cannot pass downward through connecting well casings. However,
in years of low rainfall and consequent heavy withdrawal, the
water level in the lower highly productive zone may be drawn down
substantially below those of the upper two zones. At such times,
therefore, there would be great hazard of contaminating the lower
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zone unless all defective wells had been repaired or plugged. It is
suggested that periodic measurements be made on a few wells
tapping the lower water-bearing zone so that a continuing record
of water level in all three zones will be available as an aid in the
control of the saline contamination now so widespread in the
upper zone and, to a lesser extent, in the middle zone.

SANTA ANA GAP

Semiperched water body.—For the semiperched water table in
Santa Ana Gap, the profiles of plate 2 suggest no break in gradient
across the position of the master fault at depth. As for Domin-
guez, Alamitos, and Bolsa Gaps, it is concluded that no faults
impede circulation in the semiperched water body and it is inferred
that faults do not transect the upper division of the deposits of
Recent age.

Talbert water-bearing zone.—In the Santa Ana Gap, the New-
port-Inglewood structural zone probably comprises two faults or
fault zones that are almost parallel to one another and to the
coast. The inland fault, which passes about through the intersec-
tion of Bushard and Hamilton Streets, is considered the master
fault of the structural zone.

In the central part of Santa Ana Gap and inland for about a
mile from the master fault, the Talbert water-bearing zone is the
only permeable deposit tapped by water wells (Poland, Piper, and
others, 1956, pl. 5, c—¢”) ; thus, lateral hydraulic continuity in this
zone is critical with respect to saline encroachment. Pertinent
hydrologic evidence has been introduced by the three hydrographs
of figure 9. In order toward the coast the three wells represented
are: No. 6/10-6P1, which is inland from both faults and inland
beyond the area of contaminated water, which taps the Talbert
zone, and which is within an area of heavy withdrawals for
municipal use and irrigation; No. 6/11-13G2, which is between
the two faults and about 0.2 mile within the area of contaminated
water, and which also taps the Talbert zone; and No. 6/11-13M1,
which is seaward from both faults, only about 400 feet from the
ccast, and about half a mile from the nearest heavily pumped wells,
and which probably taps the San Pedro formation but not the
overlying Talbert zone. No well taps the Talbert zone coastward
from the two faults. However, the zone tapped by well 6/11-13M1
is probably hydraulically connected with the Talbert zone which
overlies it. Thus, all three hydrographs relate to confined water
in what is the one productive water-bearing zone in that area.
All show the same general trend in ground-water levels—note
particularly the sharp recession and recovery of level in well 6P1
caused by the heavy pumping for irrigation from February into
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April 1942, the less pronounced recession and recovery concur-
rently in well 13G2, and the relatively small fluctuation in well
13M1. The range of water-level fluctuations is about that which
might be expected if the three wells tapped continuously permeable
material and, as is the case, if the withdrawals were concentrated
neayr the inland well but the level in the coastal well were stabilized
by the ocean. Furthermore, the hydrographs for wells 6/10-6P1
and 6/11-13G2, which were plotted from the charts of water-level
recorders, correspond strikingly in many of their minor peaks and
depressions; thus, pressure is transmitted freely through the
Talbert water-bearing zone across the position of the master fault.

Additional hydrologic evidence is derived from plate 8—atten-
tion is called to the piezometric profile for 1904, which held a
uniform gradient to the very coast or across both the faults of
the structural zone. As in the case of the corresponding profile
for the Gaspur zone in the Dominguez Gap (pl. 7), this hydraulic
profile of 1904 is considered to be decisive evidence that no barrier
interrupts hydraulic continuity in the Talbert zone in the Santa
Ana Gap. Thus, the conclusion drawn from the profile of 1904
substantiates the data of figure 9.

Geochemical evidence also is confirmatory because contamina-
tion now has advanced inland about half a mile beyond the master
fault with no hydraulic interruption.

Certain other critical conclusions can be drawn with respect to
circulation of ground water through the Talbert zone, as follows:

1. Along the coast and for about a mile inland, the ground-water head is
currently too low to prevent inland movement of water from the ocean
during the greater part of the year (fiz. 9 and pl. 4, long-term graph for
well 6/11-13G2).

2. During periods of heavy draft, the pressure level is continuously so low
throughout the gap that—if the low-water head were sustained indefinitely—
ocean water could ultimately move inland through the entire length of the
gap. For example, if water levels in the gap were maintained for many years
about at the high level for 1936 (see pl. 8), ocean water could move inland
about to Adams Avenue or about half a mile beyond the partial barrier of
impermeable rocks in the core of the structural zone; thence, it could move
into water-bearing zones in the underlying deposits of Pleistocene age
(Poland, Piper, and others, 1956, pl. 5, ¢c—¢’). Further, if water levels were
maintained for many years about at the low level for 1936 (pls. 5 and 8),
ocean water ultimately could move inland within the Talbert zone nearly to
Garden Grove. However, the possibility of such extreme encroachment is
remote because water-levels would have to be drawn down continuously for
several decades to accomplish it.

NEWPORT MESA

Along the full reach of the ocean-facing bluff at the south edge
of Newport Mesa, from Santa Ana Gap to Newport Bay, imper-
vious rocks of Pliocene and Miocene age extend continuously above



WATERTIGHTNESS, NEWPORT-INGLEWOOD STRUCTURAL ZONE 141

sea level and form a wholly impermeable barrier between the
ocean and the inland fresh-water bodies. Only at the extreme
north end of Newport Bay, in the south angle of block 5 of the
Irvine tract, do water-bearing beds of the San Pedro formation
crop out at land surface (Poland, Piper, and others, 1956, p.
63-64). These beds are in partial contact with saline waters of
the bay. It is possible that if water-levels in the principal water-
bearing zone beneath Newport Mesa were drawn below sea level
for a substantial period, saline water ultimately might advance
inland through the beds here exposed. However, there is no evi-
dence that such encroachment has yet taken place. The nearest
well fields are those of the Newport Heights Irrigation District
and the Santa Ana Army Air Base, 1.1 and 1.2 miles from this
outcrop. Although both have been under intensive draft in the
past few years, neither has shown any deterioration of water
quality. In the reach between these well fields and Newport Bay,
there are no wells to furnish either chemical or water-level data.

SUMMARY OF CONCLUSIONS FROM THE HYDROLOGIC EVIDENCE

For the reach from Dominguez Hill to Newport Beach, the fea-
tures of watertightness along the Newport-Inglewood uplift which
have been treated at length in preceding pages are summarized
as follows:

1. No impediment to movement across the uplift occurs in the semiperched
water body, but this body is naturally of inferior quality and is not a serious
threat of contamination if casings of wells tapping underlying water bodies
are maintained so as to prevent downward leakage.

2. No impediment to movement across the uplift occurs in the two regional
arteries in the deposits of Recent—the Gaspur and Talbert water-bearing
zones. Gross contamination occurs locally, which under certain conditions
might extend inland. Also no impediment occurs in the thinner but permeable
tongues of the Recent deposits in Alamitos and Bolsa Gaps, which also might
act as conduits for inland advance of saline waters if water levels should be
drawn down substantially below sea level.

3. In the San Pedro formation, the barrier features are: (1) virtually water-
tight under differential heads so far imposed and probably under any differ-
ential likely to be imposed along the reach of the Cherry-Hill fault from the
Dominguez Gap to Signal Hill, along the reach of the Seal Beach fault from
Reservoir Hill through Alamitos Gap, beneath Bolsa Chica Mesa and the
Bolsa Gap, and beneath Newport Mesa, in all about 56 percent of the reach
from Dominguez Hill to Newport Mesa; (2) not watertight and subject to
leakage, either current or potential, beneath Dominguez Hill, in Dominguez
Gap (especially the western part), from Signal Hill to Reservoir Hill, beneath
Landing Hill, and in the Sunset Gap—in all about 31 percent of the reach from
Dominguez Hill to Newport Mesa; and (3) the watertightness is not deter-
minable from hydrologic data now available along the reach beneath Hunting-
ton Beach Mesa, and beneath the western and eastern fringes of the Santa
Ana Gap—in all about 13 percent of the reach here investigated.
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CONTROL OF SALINE ENCROACHMENT
NEED FOR PROGRAM

Under natural conditions, ground-water movement beneath the
coastal plain to the ocean was fairly effectively restrained by con-
fining beds, by resistance to movement through the aquifers them-
selves, and by structural traps along the Newport-Inglewood
uplift. Because of these restraints, high pressures were built up
in the aquifers inland from the uplift and the over-all barrier to
landward movement of ocean water across the uplift was absolute.
Even then, the aquifers of the main coastal basin functioned more
as a tremendous storage reservoir than as conduits for escape of
fresh water to the ocean.

For example, coastward movement through the Gaspur and
Talbert water-bearing zones of Recent age is not restrained by
any physical barriers at the structural zone and thus they are the
chief conduits to the ocean; initially their joint discharge to the
ocean probably was on the order of 8,000 to 10,000 acre-feet of
water each year. For their extent and thickness (Poland, Piper,
and others, 1956, pl. 7), and assuming that their average specific
yield is 20 percent (Eckis, 1984, pl. E), it is estimated that their
total reservoir capacity from the inland narrows to the sea was
about 1,000,000 acre-feet under the conditions of full saturation
(table 28). Thus, the yearly initial escape to the ocean was about
1 percent of that reservoir capacity. At present there is no escape
from either zone.

TABLE 28.— Estimated reservoir capacity, in acre-feet, of Gaspur and Talbert water-
bearing zones under conditions of full saturation

Gaspur water-bearing zone: Acre-feet
1. Whittier Narrows to Newport-Inglewood uplift. . ____ 270, 000
2. Westerly arm of Gaspur zone—Los Angeles Narrows
to Compton_ _ ____________ L ___________ 150, 000
Reservoir capacity within main coastal basin________ 420, 000
3. Newport-Inglewood uplift to San Pedro Bay (west
basin) - _____________ ______._ 70, 000
Total reservoir capacity of Gaspur zone_________________ 490, 000
Talbert water-bearing zone:
1. Santa Ana Canyon to ocean_____.__._______________ 477, 000
2. “80-foot gravel’”” of Bolsa Gap_______.________._____ 23, 000
Total reservoir capacity of Talbert zone______._____._________ 500, 000
Both zones_ . _ e 990, 000

For the deposits of Pleistocene age, the total reservoir capacity
in the main coastal basin is many times greater, probably as much
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as the capacity of Lake Mead or about 30,000,000 acre-feet. Even
initially, the coastward escape from the Pleistocene deposits was
negligible in comparison with this large reservoir capacity. The
over-all reservoir capacity estimated here is not to be confused
with the usable storage capacities within the area of unconfined
water; estimates for such usable capacity have been made by
Eckis (1934, table 1).

The increasing development of this tremendous ground-water
reservoir in the past 70 years has gradually lowered the pressure
head or water level about to sea level immediately inland from
the Newport-Inglewood uplift. As reviewed in this report, that
drawdown developed in two stages. The first stage, from the
eighties about to 1900, occurred through the drilling and unre-
strained flow of several thousand artesian wells, which literally
released the pent-up waters, set the ground-water bodies in motion,
and so quickly dissipated the initial high pressures. The second
stage, from 1918 to 1936, occurred through accelerated develop-
ment of the available supply, caused jointly by a substantial expan-
sion of land under irrigation, an 18-year dry period, and increased
efficiency of the deep-well turbine pump. During that 18-year
period, in Orange County the decline of water levels ranged from
80 feet near Anaheim to 15 feet 1 mile from the coast; in Los
Angeles County it ranged from 50 feet in the intake area below
Whittier Narrows to 15 feet 1 mile from the coast. As of autumn
1936, in the main coastal basin water levels were below sea level
beneath 155 square miles in Orange County and 30 square miles
in Los Angeles County (pl. 5).

From 1936 into 1944 the coastal plain as a whole has experienced
its wettest 8-year span since the systematic collection of rainfall
records began in 1877. In those 8 years the average excess of
rainfall above the long-term mean for Los Angeles and Tustin
together has been 4.6 inches per year. The concurrent draft of
ground water from the main coastal basin in the two counties has
averaged about 300,000 acre-feet yearly. In that same period the
average recovery in water level has been about 16 feet in 16
selected index wells in Orange County and has been about 12 feet
in 12 selected index wells in Los Angeles County. These index
wells are distributed about proportionally in the intake and pres-
sure areas. Thus, the recovery of the 8 years has been about one-
third of the decline in the 18 preceding years. It appears that the
ground-water supplies are now so fully utilized that even in
extremely wet periods the replenishment exceeds the draft only
nominally, whereas during periods of subnormal rainfall there is
a substantial yearly deficit in replenishment. For Orange County,
the present overdraft from the main basin has been estimated as
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12,200 acre-feet per year (Gleason, 1945). That overdraft, how-
ever, is an average expectancy over a long-term period under
present conditions of operation. In a dry period, a much greater
temporary deficit would occur—econceivably from two to eight
times as great as the long-term yearly deficit. An estimate of the
long-term unbalance between supply and demand in Los Angeles
County under present conditions of use is being prepared by
the California Division of Water Resources. That estimate is not
yet available but the record of water-level fluctuations and the
recent increase in use indicate that a long-term overdraft exists
there also. The decline in water levels that would develop during
an extreme drought presents the most critical immediate problem
in relation to restraint of saline encroachment.

Until recently, the municipalities, water companies, industrial
plants, and private irrigators withdrawing water from the coastal
plain have not concerned themselves with the problems of balanc-
ing the long-term supply and demand. Some may have assumed
tacitly that the barrier features of the Newport-Inglewood struc-
tural zone would completely prevent extensive inland encroach-
ment by ocean water, even if water levels in the main coastal basin
were drawn far below sea level. This investigation has shown
that for the reach of the Newport-Inglewood structural zone from
Dominguez Gap to Santa Ana Gap, both gaps included, the struc-
tural zone interposes no barrier to circulation of water through
the deposits of Recent age. Thus, in those deposits, circulation is
limited only by their permeability, cross section, and effective
hydraulic gradient. On the other hand, about all the deposits of
Pleistocene age within this reach are transected by the barrier
faults. For most of the reach from Signal Hill to Bolsa Gap,
inclusive, these deposits are substantially watertight against the
differential heads of several tens of feet that existed across the
barrier under initial conditions. However, even in that reach a
few permeable segments occur—specifically, along a part of the
Signal Hill uplift, on Landing Hill, and near Hog Island in Sunset
Gap.

Accordingly, the water users of the main coastal basin now
face the necessity of guarding their invaluable ground-water
supply from saline encroachment. That necessity will become
urgent with the arrival of the next period of subnormal rainfall.
It cannot be emphasized too strongly that in another period of
deficient rainfall similar to that of 1918-36, water levels probably.
would be drawn down at about the same rate as in that period,
unless draft is reduced or replenishment is increased in substantial
amount. In Orange County the drawdown might be somewhat
slower than in 1918-36, because certain municipalities now are
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importing about 8,000 acre-feet of water each year through the
Metropolitan Water District; in Los Angeles County, however, the
draft by municipalities and water companies has been increased
substantially since 1936, that increased draft exceeds the current
increased replenishment through spreading basins of the Los
Angeles County Flood Control District below Whittier Narrows,
and so the rate of drawdown probably would be at least as rapid
as that from 1918 through 1936. Because the water levels of 1946
are far below those of 1918 throughout most of the coastal plain,
only about 6 years of rainfall deficiency comparable to that of
1918-36 would suffice to return to the water levels of 1936. As
shown by the water-level contours of plate 5, conditions in Orange
County would then be much more critical.

METHODS FOR CONTROL

BASIN-WIDE BALANCE OF DRAFT AND REPLENISHMENT

For an ultimate and lasting solution to the problem of restrain-
ing saline encroachment into the main coastal basin from the
ocean in each county the draft must be reduced or the replenish-
ment increased so that the two are in long-term balance. Fully
effective utilization of the basin might require the lowering of
water level substantially below sea level in certain areas distant
from the coast. However, the over-all balance should be so regu-
lated as to keep water levels above or near sea level proximate to
the barrier features of the Newport-Inglewood uplift.

To attain a basin-wide balance between draft and replenish-
ment, so far as economically justified, all possible means of water
conservation should be practiced and all remaining sources of
replenishment should be developed fully. Conservation agencies
in both counties fully realize the long-term consequences of an
unbalance between supply and demand and those agencies are
undertaking to remedy the situation. They will need full support
by all water users in order to attain their objectives. The prob-
lems are broad in scope and in some aspects involve water supplies
stored in or escaping from the inland basins; no attempt is made
to treat them in this report which is concerned fundamentally
with coastal conditions. In a recent statement, the Orange County
Water District (1945) has outlined a policy for balancing supply
and draft in Orange County.

The general geologic and hydrologic conditions within the
coastal plain have a major influence on the development of the
most effective program for replenishment to the ground-water
supply. Certain pertinent aspects of these conditions which have
been studied as a part of this investigation are commented on
briefly herewith.
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SPECIAL ASPECTS IN LOS ANGELES COUNTY

In Los Angeles County the spreading basins established and
operated by the County Flood Control District are near the central
part of the area of free recharge below Whittier Narrows. The
program of replenishing that area by regulating flow in the
channels of the Rio Hondo and the San Gabriel River, and by
spreading water has been 8o successful that in the intake area the
water table has been raised about 50 feet since 1936 and the
storage capacity is no longer sufficient to hold all water available
for recharge in wet years. The stored water does not move away
from the area of replenishment quickly enough to make sufficient
storage available in following years. These recharge waters
have been introduced into the Gaspur water-bearing zone. The
capacity of that zone to transmit water coastward is limited by its
permeability, eross section, and the hydraulic gradient that can
be developed. Some of the water percolates into aquifers of Pleis-
tocene age in hydraulic continuity with the Gaspur zone, but the
rate of escape in those is limited by the same physical factors. As
previously discussed (p. 90), the coastward movement in certain
aquifers of Pleistocene age is about as free as in the Gaspur
water-bearing zone, at least to the confluence of the Rio Hondo and
the Los Angeles River. Nearer the coast, however, between Comp-
ton and Los Alamitos, lagoonal deposits of low permeability form
a secondary barrier within the Pleistocene deposits, between the
inland aquifers and the extensively permeable Silverado water-
bearing zone. This lithologic barrier is believed to cause the
steepened hydraulic gradient shown on plate 6 about 2 to 8 miles
north of the Development, Citizens, and Alamitos well fields of
the city of Long Beach (wells 4/12-18R1 to 28H8). Thus, it
restricts replenishment from the intake area to the permeable
deposits proximate to the structural barrier.

To increase the replenishment in the intake area and at the
same time ameliorate conditions immediately inland from the bar-
rier faults, either of two methods could be considered.

The first, which has been suggested by others, would involve
the installation of wells and pumping plants to withdraw addi-
tional water from the permeable deposits of the intake area and
thus make more storage capacity available there. The water so
withdrawn could be distributed to areas within the coastal plain
where its use would prove most beneficial, within limits of eco-
nomic feasibility. If such a plan were put in operation, doubtless
those now pumping ground water from the intake area would
have to be compensated for increased pumping lifts. If a pipeline
were constructed to deliver water to areas nearer the coast, the
draft adjacent to the barrier could be reduced in proportion to
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the amount of pipeline delivery; the threat of saline encroachmen
would diminish accordingly. At the same time, the over-all effi
ciency of the main coastal basin as a storage reservoir would b¢
increased. If all unpotable wastes could be eliminated from the¢
Los Angeles River and the Rio Hondo, their channels could be¢
used as a conduit and a pipeline might not be necessary.

The second method, which would require more complete knowl
edge of the distribution of aquifers within the central coastal
plain than is now available, would depend on construction of re
charging wells to conduct water from the Gaspur water-bearing
zone into those aquifers in the underlying Pleistocene deposits tha
have freest hydraulic communication with the coastward reaches
of the main basin in the vicinity of Compton and Long Beach.
Such wells could be perforated jointly in the Gaspur zone and ij
selected subjacent aquifers and would operate by gravity feed, af
do certain municipal wells near Long Beach which recharge the¢
basal water-bearing zone in the Pleistocene deposits northeast o
Signal Hill (p. 99-101). They would be operated continuously o1,
with the installation of a control gate, could be regulated ap
desired. Economic justification for such wells would be contingen|
on their ability to increase storage within the Gaspur zone and t¢
increase replenishment to the Pleistocene deposits coastward fron
the intake area. As the structure and distribution of the arteriall
conduits beneath the coastal plain become more fully known, i
may prove feasible to construct such recharge wells.

SPECIAL ASPECTS IN ORANGE COUNTY

In Orange County the historic' decline in water levels has de
watered a large volume of water-bearing materials in the intake
area and so has made a large underground reservoir available fo
recharge. Replenishment during the wet years has resaturated
a relatively small part of the reservoir capacity of the Talber
water-bearing zone in this upper reach.

In the entire county the most effective areas for replenishmen
or artificial spreading are those underlain by the Talbert wate
bearing zone. For example, the Santa Ana River channel east o
Anaheim is ideally situated for recharging the ground-water basiy
because here it overlies that zone (see Poland, Piper, and others,
1956, pl. 7), and the intervening deposits are extensively perf
meable. Much of the natural replenishment to the ground-watet
basin occurs in this area where the Orange County Water District
has applied methods for spreading the river flow extensively ovef
the channel bottom.

Recharging through wells also should be most effective—in gen}
eral, if those wells tap the Talbert water-bearing zone or under}
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lying Pleistocene deposits where highly permeable. The one known
instance of recharging through wells in the county has been fairly
successful even though the wells do not tap the Talbert zone.
Specifically, as part of a program of water salvage, six recharge
wells were constructed by the county in 1936 in the SE1} see. 7,
T.4 S, R 10 W., west of Brookhurst Avenue and north of Lincoln
Avenue. As shown by plate 6, they are about 2.5 miles southeast
of Buena Park and about 0.4 mile beyond the west boundary of
the Talbert zone. They range in depth from 176 to 389 feet and
are perforated chiefly in deposits of Pleistocene age. Effluent from
the west Anaheim storm drain is fed into these wells through a
net of tiles beneath a storage basin. From their first operation in
December 1936 to April 1944, a total of 3,575 acre-feet of water
had been fed through the six wells.!” The greatest monthly input
was 388 acre-feet in February 1937, an average per well of 65
acre-feet per month or 2.8 acre-feet per day, equal to a constant
input of 520 gpm per well. Because the water level in the well
casings was maintained about at land surface during the month,
it is assumed that this is the maximum rate at which water can
be introduced through these wells. Although this rate is substan-
tial, the recharge capacity probably would have been greater if
the wells had been located to tap the Talbert water-bearing zone.

A barrier to movement of ground water from Santa Ana Canyon
to the intake area east of Anaheim has been described on pages
109-110. It has been suggested that this barrier might feasibly
be breached by recharge wells, if such an operation could be
utilized to salvage additional water for the ground- water basin
of Orange County.

PRINCIPLES OF CONTROL ADJACENT TO THE COASTAL BARRIER

No matter how successful a program for basin-wide balance
may be, it probably cannot maintain water levels above the sea
throughout the basin at all times, especially during a protracted
dry period. Water levels near the coast commonly are the first to
decline below sea level because they are farthest from the sources
of replenishment. Therefore, it is probably inevitable that with
full utilization of the ground-water reservoir, supplementary meth-
ods of control will be necessary if saline encroachment is to be
restrained. There appear to be only three possibilities for such
local control: (1) maintenance of fresh-water head above sea
level inland from the saline front, (2) dewatering coastward from
the saline front, and (8) the construction of subsurface dikes.

Maintenance of fresh-water head above sea level.—In the several
permeable gaps through the barrier features of the Newport-

17 Records from Orange County Flood Control District.
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Inglewood structural zone, the maintenance of fresh-water head
at an adequate height above sea level is probably the most feasible
method for control of saline encroachment. It can be accomplished
either by decreasing draft or by artificial recharge or by both.
Its application to specific areas is discussed on pages 150-158.

It has long been known that for coastal areas in which per-
meable deposits are in hydraulic contact with the ocean, fresh
water moving oceanward will float on the salt water because of its
lesser density. This principle was first applied to coastal areas by
Badon Ghyben who made investigations in Holland in 1887 and
was first published by Herzberg iin 1900 after study of relations
at an island off the coast of Germany. Their work has been
reviewed by Brown (1925) who applied the principle in a study
of the coastal ground waters of Connecticut in 1919. The work of
those investigators has shown that in such coastal areas, the
depth of fresh water below sea level is a function of the height of
fresh water above sea level and of the specific gravity of the ocean
water. In other words, ‘

't
h=(—q‘:_—1
in which & equals depth of fresh water below sea level; ¢t equals
height of fresh water above sea level; and ¢ equals the specific
gravity of the salt water. If the specific gravity of sea water is
taken as 1.025, a value which applies commonly along the Cali-
fornia coast, the total thickness of the floating fresh-water lens
theoretically would be 41 times the height of fresh water above
sea level.

For example, in a coastal deposiit which is permeable to a depth
of 120 feet below sea level and which has hydraulic continuity with
the ocean, a fresh-water head maintained uniformly at a height
of 2 feet above sea level theoretically would develop a fresh-water
lens to a depth of 80 feet below'sea level but salt water would
occupy the bottom 40 feet of the deposit, whereas a fresh-water
head maintained invariably at 4 feet above sea level theoretically
would produce a complete hydraulic barrier to any inland advance
of salt water. ‘

Dewatering coastward from the saline front.—In the areas of
coastal contamination it may not be feasible at all times to main-
tain water levels at a height above sea level adequate to restrain
saline advance. In such instances it may prove temporarily expedi-
ent to install a row of wells coastward from and parallel to the
saline front, and to pump these wells in order to develop a seaward
gradient on the inland side of the well line. Such wells should be
spaced closely enough to form a'trough of water-level influence
entirely across the gap and thus divert all saline water into the

|
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wells. Such a program would be defensive rather than remedial
because it could not move the saline front coastward beyond the
line of wells and as soon as they were shut down, salt water would
advance inland some distance beyond that line. The extent of that
advance would depend on the height to which fresh water would
recover above sea level. Also, such a program would have the
disadvantage of wasting fresh water with the salt water as long
as the barrier wells were pumped—aultimately, conditions would
ocnly be aggravated.

Construction of subsurface dikes.—Landward movement of
saline ground water through permeable gaps in the structural
zone could be wholly prevented by constructing impermeable sub-
surface dikes or cutoff curtains across those gaps. To be effective,
such dikes would have to be constructed through the full depth of
the permeable deposits of Recent age. It would appear that the
most practical method for their construction might be grouting
through wells. That method has been employed in sealing per-
meable reaches beneath or adjacent to surface dams. However,
construction of such dikes in one or more of the several gaps would
be difficult and probably excessively costly. If the barrier features
of the structural zone were wholly adequate within the deposits
of Pleistocene age, it is possible that construction of one or more
such dikes within the gaps might be justified economically. How-
ever, those barrier features are not wholly adequate as has been
shown.

CONTROL ADJACENT TO BARRIER FEATURES IN LOS ANGELES
COUNTY

Along the reach of the structural zone in Los Angeles County
from Dominguez Hill through Alamitos Gap, if water levels were
drawn down substantially below sea level the most acute danger
of saline encroachment probably would develop within the Recent
deposits of the Alamitos Gap. In the Dominguez Gap, if that
drawdown were intensive and protracted, concentrated saline
waters eventually would advance inland beyond the structural
crest. Within the Pleistocene deposits of this reach, encroachment
across the Signal Hill uplift very possibly would occur locally;
beneath the Alamitos Gap, however, within those deposits the
barrier is probably watertight.

ALAMITOS GAP

In the Alamitos Gap the deposits of Recent age have a maximnm
inferred thickness of about 100 feet and, at least in much of the
area between the Seal Beach fault and the coast, are fairly per-
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meable throughout their depth. The shallow water table in those
deposits currently is almost flat; near the coast it is believed to
reflect the general hydraulic conditions to the base of the deposits.
The lack of coastward flow at this time probably is due to lack
of hydraulic connection with any substantial ground-water artery
similar to the Gaspur and Talbert water-bearing zones.

Saline encroachment already has reached several hundred feet
beyond the Seal Beach fault, at least to active well 5/12-11G1. If
a substantial decline in water level now should ensue, this en-
croachment doubtless would advance inland and ultimately prob-
ably would invade the underlying deposits of Pleistocene age.
Those deposits may now be contaminated in the vicinity of well
11G1.

Additional landward encroachment beyond the Seal Beach fault
can be greatly restrained and possibly wholly prevented if water
levels in the Recent deposits can be maintained consistently at
least 4 feet above sea level along the fault. Two general procedures
seem potentially effective—first, to regulate withdrawal from the
deposits of Recent age adjacent to, and possibly as much as a mile
inland from the Seal Beach fault; or, second, at such times as this
regulation does not suffice to maintain water levels at a height of
4 feet above sea level at the fault, to recharge artificially these
deposits of Recent age in order to sustain the required protective
head at the fault. Possibly this could be done in part through
trenches or pits excavated at land surface but in much of the gap
it probably could be accomplished more effectively through re-
charging wells. Existing wells which are near the fault and which
are producing part of their water from the deposits of Recent age
might be utilized in such a program. If water for replenishment
were available only from a local ground-water source, it probably
could be taken from the San Pedro formation beneath the inland
flank of Alamitos Heights or beneath the inland part of Alamitos
Gap without affecting water levels in the Recent deposits adjacent
to the Seal Beach fault. Because the deposits of Recent age are not
highly permeable and are chiefly sand, it is believed that a recharge
supply of a few hundred gallons per minute would be ample to
maintain the required head and to develop a protective coastward
gradient even in dry periods, if it could be fairly evenly distributed
across the gap. Whether or not recharging were found necessary,
supplementary observation wells probably would prove advantage-
ous in order to determine the effectiveness of the program by
measurement of water levels and by sampling for chemical
analysis.

Saline encroachment through the gap probably could be effec-
tively restrained by construction of a subsurface dike to the base
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of the deposits of Recent age. In the Alamitos Gap, such a dike
would be about 2 miles long and presumably about 100 feet deep.
Thus, its construction would be very costly and probably far
greater than the cost of maintaining a hydraulic barrier as just
outlined.

DOMINGUEZ GAP

In the Dominguez Gap the crest of the structural zone is about
6 miles from the coast and nearly 4 miles from the landward front
of ocean-water contamination. However, in this gap an inland
body of contaminated water extends inland for about a mile beyond
the fault but under the prevailing hydraulic gradient is being
displaced southward. Thus, under present hydraulic conditions
that contaminated body is maintained across the crest of the struc-
tural zone—the Cherry-Hill fault—only by continued contamina-
tion from land surface or from the overlying semiperched water
body. :

At the structural crest the Gaspur water-bearing zone is 1.2
miles wide and about 60 feet thick. For the past 10 years the
average hydraulic gradient for that zone across the crestal fault
has been about 12 feet per mile (pls. 5 and 6). If the average
permeability coefficient is assumed to be 3,000 meinzer units, the
quantity of water currently transmitted coastward through the
Gaspur zone and across the crestal fault is about 4 cfs, about
2,600,000 gpd, or about 2,900 acre-feet per year. None of that
water now reaches the ocean and little if any has escaped to the
ocean since the late twenties.

As stated earlier, further northward extension of the inland
body of contaminated water in the Dominguez Gap is possible only
if (1) contaminating waters percolate to the Gaspur zone from an
overlying or adjacent source inland from the structural crest or
(2) water levels in the Gaspur zone are drawn down below those
of 1936 for a substantial period of time. The latter possibility is
unlikely, first because natural recharge to the Gaspur zone in the
intake area is supplemented by operation of the spreading basins,
and second because coastward from the crestal fault the draft
from the Gaspur zone is now much less than in the early and
middle thirties.

Therefore, control of contamination by artificial hydraulic
methods appears wholly unnecessary, either now or in the immedi-
ate future. For the present, the greatest benefit would be derived
if the overlying sources of contamination could be eliminated and -
if the waters of the Los Angeles River and Compton Creek were
kept sufficiently pure that the small amount of recharging they
accomplish in their lower reaches would be beneficial.



CONTROL OF SALINE ENCROACHMENT 153

SIGNAL HILL UPLIFT

The well fields along the inland flank of the Signal Hill uplift
have a fair measure of protection from inland advance of saline
waters owing to structural and lithologic barrier features within
and along the uplift. However, those features probably are not
wholly watertight against differential heads of several tens of feet.
Therefore, for the future protection of those well fields and of the
extensive water-bearing zones inland from the uplift, it would
appear advisable to maintain water levels in the Silverado water-
bearing zone so that they do not decline appreciably below sea
level. Maintenance of these levels above or near sea level can be
effected most easily by regulating withdrawal. For example, the
hydraulic conditions developed in the Alamitos, Citizens, and
Development well fields about from 1928 through 1932 are believed
to have been hazardous (pls. 9, 10). The recovery in water level
that was accomplished in 1932 and 1933 by decreasing the draft
from those fields demonstrates the effectiveness of regulated with-
drawal, especially as that recovery occurred during a period of
subnormal rainfall.

CONTROL ADJACENT TO BARRIEi{ FEATURES IN ORANGE COUNTY

Along the reach of the structural zone in Orange County, lower-
ing of water levels to a substantial distance below sea level would
accelerate the advance of saline encroachment in two existing
areas of contamination and probably would induce contamination
in two additional areas, as follows:

1. In the Santa Ana Gap, saline encroachment now (1945) extending inland
about to Atlanta Avenue would resume its inland march and within about 1
mile would pass beyond the impermeable lip of non-water-bearing rocks that
underlies the Talbert zone at the present front.

2. On the Huntington Beach Mesa, the saline contamination which now
underlies about 2,100 acres doubtless would advance inland. That contami-
nation now is confined largely if not wholly to the upper and middle water-
bearing zones beneath the mesa, but surely would invade the lower or main
water-bearing zone unless full precautionary measures were taken (Piper,
Garrett, and others, 1953, p. 152-154).

3. In the Bolsa Gap, within a few' years oceanic contamination possibly
would appear in wells tapping the “80-foot gravel” south of Slater Avenue.

4. Also, along the reach of Pleistocéne deposits which are at land surface
on Bolsa Chica Mesa and Landing Hill and which are near land surface across
the Sunset Gap, saline contamlnatlom presumably would move landward
locally through the barrier features.

SANTA ANA GAP

It is of critical importance to the ground-water supply of Orange
County to restrain saline waters from advancing far beyond their
present front in the Santa Ana Gap. There appear to be only

468452
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three methods for preventing ultimate movement of this front to
and beyond the partial barrier of impermeable rocks in the core
of the structural zone and thence into water-bearing beds beneath
the Downey plain: (1) by maintaining a head of fresh water about
5 feet above sea level just inland from the present front of con-
tamination; (2) by installing a line of barrier wells coastward
from and parallel to the saline front and by pumping those wells
in order to develop a seaward gradient along their inland side;
or (3) by constructing an impermeable subsurface dike or cutoff
curtain across the gap in the Talbert zone.

In order to maintain a fresh-water head about 5 feet above sea
level just inland from the front of contamination, presumably the
most economical initial procedure would be to reduce draft locally
within the gap. If this reduction in draft was not effective in
maintaining water levels at the required height, the Talbert water-
bearing zone probably could be recharged through a group of wells
alined across the gap. It is believed that these wells could be
installed to recharge at somewhat greater capacity than the re-
charge wells now operated by the Flood Control District southeast
of Buena Park (p. 148). Possibly several existing wells could be
utilized in such a program.

The front of saline contamination in 1944 was about 400 feet
south of the intersection of Bushard Street and Atlanta Avenue
(Piper, Garrett, and others, 1953, pl. 11). If the fresh-water head
there could be maintained uniformly at 5 feet above sea level, the
salt-water contact theoretically would be depressed to 200 feet
below sea level and, because underlying impermeable deposits
there begin 130 feet below sea level, that contact eventually would
be driven oceanward beyond the master fault. Coastward from
that fault, permeable deposits extend to a depth of about 300 feet
below sea level and there the fresh-water head would have to be
maintained at least 8 feet above sea level to expel the saline waters.
It is doubted that a fresh-water head of that magnitude would be
practical so close to the coast.

The quantity of recharge water necessary to maintain a fresh-
water head of 5 feet above sea level at or near the present salt-
water front basically would depend on the general pressure head
within the Talbert zone at the time such recharging was under-
taken. Subsequent changes in that general level during recharging
operations would modify requirements. For use in establishing
the general order of the quantity of recharge water that might be
required, an estimate of the quantity of water that would move
through the Talbert zone under a particular gradient is of interest.
Specifically, at the master fault the width of the gap is 2.6 miles
and the average thickness of the Talbert zone is about 60 feet. If
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the permeability of the zone is taken as 8,000 (meinzer units), the
quantity of water moving under a gradient of 1 foot per mile
would be 468,000 gpd, about 880 gpm, or 0.74 cfs. If recharging
were necessary, a gradient would be built up both landward and
seaward when water was introduced to wells. Thus, for each foot
per mile of gradient so developed, the quantity of recharge water
required probably would be about 1.5 cfs.

There are several possibilities for a source of supply, first, it
might be feasible to reclaim water from the Orange County outfall
sewer, or to obtain water from the Metropolitan Water District.
Another potential source, which might prove to be the most eco-
nomical, is the semiperched water body inland from the gap. The
chemical quality of that water now is being investigated by the
Orange County Water District. [If it should prove to be of satis-
factory quality locally, it could be gathered and conducted by
gravity to areas in need of water or to the line of recharging wells.
More water would be available from this source in winter than in
summer, but it is possible that the summer yield would be sufficient
to accomplish the desired result. If not, as a third and last resort,
water might be withdrawn from remote wells, keeping in mind
that at least half of the water so used would not be wasted but
would in effect be reintroduced to the usable supply. It would be
undesirable to pump ground water from water-bearing beds in
close hydraulic connection with the critical reach of the Talbert
zone., Water might be withdrawn from the Talbert zone farther
inland, or for a time could be withdrawn from the principal water-
bearing zone beneath Newport Mesa without appreciably depress-
ing water levels in the Santa Ana Gap (see p. 109). If an addi-
tional supply of water can be made available to Santa Ana Gap,
presumably that supply could be utilized most economically as a
substitute for water now pumped from wells, provided that (1) the
quality was satisfactory, and (2) the water was available at the
time of need. Otherwise, recharging through wells might be the
most effective procedure.

Construction of a line of barrier wells coastward from the salt-
water front in the Santa Ana Gap and pumping those wells so
heavily as to develop a seaward gradient along the inland side of
the line is an alternative means of control. It is considered to be
a much less satisfactory method, chiefly because it would of neces-
sity waste fresh water which would be discharged seaward as part
of the effluent. The number and spacing of the wells would depend
upon the drawdown and the reach of the cones of pressure relief.
If constructed, such a line of barrier wells probably would be
placed coastward from the master fault where the Talbert water-
bearing zone is underlain by water-bearing beds of Pleistocene
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age to a depth of about 300 feet below land surface. However, the
dewatering wells would not have to tap the Pleistocene deposits
to be effective; they would be less costly if they tapped only the
overlying Talbert zone, which extends to a depth of about 150 feet
below land surface.

If construction of an impermeable subsurface dike or cutoff
curtain across the Santa Ana Gap were considered, the most
effective location for the least costly structure would be immedi-
ately inland from the master fault where the Talbert water-
bearing zone rests on impermeable deposits across a substantial
part of the gap. If placed there, such a dike would be about 2.5
miles long and probably about 150 feet in average depth in order
to reach the impermeable rocks in the core of the structural zone.
In the southeastern part of the gap, east of the Wright Street
fault, its depth would be substantially greater, about 300 feet.
Near the Huntington Beach Mesa also, its depth might be nearly
as great. It is believed that even if such a dike were constructed
by grouting through wells, presumably the least costly and sim-
plest method, that cost probably would be excessive.

HUNTINGTON BEACH MESA

The conditions of saline encroachment on Huntington Beach
Mesa have been discussed in detail in the report on chemical
character (Piper, Garrett, and others, 1953, p. 129-154), which has
shown saline waters to be confined largely if not wholly to the
upper and middle water-bearing zones at the present time (1945).
It is highly desirable to restrain that eontamination from invading
the lower or main water-bearing zone and to restrict the lateral
extension of contamination in the upper and middle zones as fully
as possible. Suggested methods for well repair and proper con-
struction to protect the lower zone have been outlined (Piper,
Garrett, and others, 1953, p. 152-154). To restrict lateral exten-
sion in the upper and middle zones and to protect the lower zone,
only one general method appears feasible for supplementing the
program of well repair previously cited. That method is to main-
tain water levels in all three zones as far above sea level as is
practicable, by regulating the pumping draft. If the water levels
in the upper and middle zones can be sustained sufficiently far
above sea level to maintain a coastward gradient or at least to
prevent a landward gradient, the salt water now accumulated
beneath the mesa will not disperse much farther inland. Also, if
the water level in the lower and main water-bearing zone can be
sustained above those of the upper and middle zones, as at present,
it will not be possible for saline water to enter that zone from the
overlying zones even through wells which are perforated jointly
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in the several zones (p. 138.) However, if it becomes impossible
to maintain levels above sea level in all three zones, it would be
preferable to reduce the draft from the upper and middle zones
to a minimum within and near the area now contaminated, and
to draw water wholly from the lower zone—provided that all cas-
ings perforated in the lower zone are kept watertight opposite the
upper and middle zones.
BOLSA GAP

In the Bolsa Gap the Recent deposits are about 80 feet thick and
in the bottom 20 feet contain the permeable “80-foot gravel.” So
far as known, but with the possible exception of well 5/11-16H1,
oceanic contamination has not reached any wells inland from the
master fault.

Periodic water-level measurements are available for only one
well tapping the deposits of Recent age in the Bolsa Gap—No.
5/11-27H1. That well is 2.5 miles from the ocean. As shown by
monthly measurements taken by the Orange County Flood Control
District, from 1931 into 1942 its average water level was 3.1 feet
above sea level. The lowest level was 3.3 feet below sea level in
late summer of 1936. If the water-level record for this well is
representative for the gap, it can be inferred that the pressure
head in the “80-foot gravel” was above sea level throughout most
of the low-water period of the early thirties. Thus, if another
similar period of lowered water levels should develop, encroach-
ment by ocean water presumably would be slow.

Such encroachment could be prevented by maintaining the pres-
sure level in the “80-foot gravel” as much as 3 feet above sea level
at the master fault. As in the Santa Ana Gap, this could be
accomplished by regulating withdrawal from the “80-foot gravel”
and, as necessary, by recharging through wells tapping that zone.

Because the “80-foot gravel” is only about 20 feet thick, the
quantity of recharge water needed to maintain a barrier head
would not be large. At the master fault the “80-foot gravel” is
about 1.5 miles wide. If it is assumed that the permeability of
that gravel is 3,000 (meinzer units), the quantity of water moving
under a gradient of 1 foot per mile would be 90,000 gpd. Thus, it
would require about 180,000 gpd to maintain a gradient of 1 foot
per mile sloping both landward and seaward away from the re-
charge wells. However, the differential head required would de-
pend not only on the stage of the pressure surface when recharg-
ing operations started, but also on the change in water level inland
from these wells with lapse of time.

For such recharge operations it is possible that, except when the
water level declined to or below that of 1936, water could be
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obtained by tapping the underlying aquifers of Pleistocene age.
As noted elsewhere (p. 136), except in the low-water year 1936
well 5/11-28 A1 had sufficient artesian pressure to flow throughout
the thirties, at least in the winter months. Thus, if the casing of
well 5/11-28A1 had been perforated in the “80-foot gravel” as
well as in the San Pedro formation, it would have recharged the
“80-foot gravel” at least intermittently during all years except
1936.

It has been suggested elsewhere (Piper, Garrett, and others,
1953, p. 202) that from two to four observation wells be drilled
to the “80-foot gravel” in the strip of land immediately inland
from the master fault. Samples taken from these wells would
indicate whether oceanic contamination extended inland across
this master fault, and whether a program of maintaining a barrier
head in the “80-foot gravel” would be of immediate concern. If
and when such a program is found necessary, additional observa-
tion wells probably would prove advantageous to furnish data on
the rate of development and extent of the artificial hydraulic
barrier.

If construction of an impermeable subsurface dike across the
Bolsa Gap were to be considered, the most effective location would
be along the master fault. Such a dike would be 1.5 miles long and
about 85 feet deep on the average, in order to seal the ‘“80-foot
gravel.” The cost probably would far exceed that of controlling
salt-water invasion by maintaining water levels a few feet above
sea level.

LANDING HILL TO BOLSA CHICA MESA

It has been concluded that the deposits of Pleistocene age within
the reach from Landing Hill to the Bolsa Chica Mesa, both inclu-
sive, are nearly sealed by the barrier features of the structural
zone against differential heads occurring to date. However, leaks
exist on Landing Hill and near Hog Island and those leaks have
developed or persisted with differential pressures of not more
than 10 to 15 feet. Thus, it would seem imprudent to allow water
levels to decline far below sea level on the inland side of the
Newport-Inglewood uplift. Within this reach, systematic regula-
tion of draft would appear to be the only practical means of con-
trol. Whether such a program would achieve suceess in maintain-
ing water levels above or near sea level would depend in large
measure upon the success achieved in a basin-wide program for
balancing supply and demand. Even by rigorous control of local
draft, water levels near the uplift cannot be maintained close to
sea level if water levels several miles inland are drawn down far
below sea level.
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DESCRIPTION OF WATER WELLS

Table 29 of this report consists of brief tabulated descriptions
of mostof the active or potentially active water wells, and of those
abandoned water wells for which there are available data pertinent
tothe objectives of the investigation and of relatively few selected
oil wells for which there aredata onthe chemical character of the
ground waters. All wells described are in the coastal zone of the
Long Beach-Santa Ana area. Most of the descriptive data were
taken by the Geological Survey in a field canvass of water wells in
the coastal zone, largely from December 1940 to June 1941; these
data have been supplemented by the antecedent information which
was made available to the Geological Survey by many other agen-
cies, public and private, and whose scope is indicatedin the index
to data heretofore released (Piper, Poland, and others, 1942,
p. 19—218). In addition to the descriptions to which reference has
been made, the report also describes 62 shallow observation wells
and 6 deep observation wells constructed by the Geological Survey
to furnish critical information for the cooperative investigation.

With respect to the descriptions of the wells, certain features
of the form of tabulation are worthy of particular comment. Thus,
all wells are listed in order of “USGS number, ” which indicates
thelocation inthe area as explained elsewhere (Poland, Piper, and
others, 1953, p. 7-8). Those wells for which antecedent data were
made available to the Geological Survey also have “serial” and
“location” numbers ascribed by other agencies; cross references
to these additional numbers are also containedin the index to data
(Piper, Poland, and others, 1942, p. 57, 19-218).

The table lists the owner or tenant of theland on which each well
is located; however, certain wells have been drilled and are oper-
atedunder an easementor other authority from the legal owner of
the land whose name is entered in the table., For example, wells
5/11-18N1 and 5/11-18P1 are onland owned by the Alamitos Land
Co., but were drilled by the Geological Survey as observation
wells to furnish critical hydrologic information,

The table indicates the kind or kinds of hydrologic data available
for the several wells, including both the data taken by the Geolog-
ical Survey and the antecedent data by other agencies. For certain
wells the scope of the data so indicated may differ from thatshown
in the index heretofore released, to the extent that observations
were started after the index was released. These data include
records of water levels, chemical analyses of the water, and drill-
ers’ logs.
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OF WATER WELLS

DESCRIPTION
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OF WATER WELLS

DESCRIPTION
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